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ABSTRACT
Twenty-five surface soil samples (0-6" depth) and 25 subsurface 
soil samples (6-12" depth) were selected from the Red River flood plain 
in Louisiana. One crop of red clover (Trifolium pratense L.) and two 
crops of hybrid sorghum were grown on these soils in the greenhouse. 
Chemical analyses of the soils were made using three extracting solu­
tions (0.1N HCl, N NaAc buffered at pH 8.2, N NH^Ac buffered at pH 7) 
for each of potassium, calcium and magnesium. Simple correlations using 
the 25 locations as pairs were calculated between and among 13 plant 
factors and 33 soil factors.
The NaAc solution generally extracted the least amount of bases 
when compared with NH^Ac and these extracted much less than the HCl.
The soils were relatively high in calcium and magnesium. An 
average of the amount removed by all extracting solutions was 1497 ppm 
of calcium and 377 ppm of magnesium in the surface soils and 2956 ppm 
of calcium and 598 ppm of magnesium in the subsurface soils.
The effect of calcium and magnesium on the uptake of potassium 
was generally insignificant in these tests; however, there were some 
significant reductions in plant potassium uptake as the calcium and 
magnesium contents of the soil increased. The effect of increased 
soil magnesium on reducing plant potassium was especially more notice­
able than the effect of increased soil calcium. The reverse effect was 
generally the case, that is, magnesium uptake by plants was inhibited 
by increased soil potassium.
The mean correlation between plant magnesium and soil potassium
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for all crops and soils was -.568. Therefore, it appeared that magne­
sium uptake by plants was inhibited by increased concentrations of 
soil potassium. This same correlation with soil potassium and plant 
calcium was .002.
INTRODUCTION
For the past eight years, apparent potassium deficiencies in 
cotton and other crops grown on certain Red River alluvial soils have 
been observed. Soil analyses made by the Louisiana State Soil Testing 
Laboratory had indicated a sufficient potassium content to supply the 
plant needs. These same soil analyses also showed a relatively narrow 
ratio between calcium and magnesium and rather high concentrations of 
extractable calcium and magnesium.
This study was initiated to determine whether a relationship 
exists between the extractable calcium and magnesium in the soil and 
the potassium uptake by plants grown on these soils. From many hundreds 
of soil analyses, 25 locations were selected to collect surface (0-6 
inch) samples and 25 locations were selected to take subsurface (6-12 
inch) samples. Using these soil samples, one crop of red clover and 
two crops of hybrid sorghum were grown in the greenhouse. Correlations 
were made between and among 13 plant factors and 33 soil factors.
A vast amount of data has been presented during the past few 
decades which dramatize the depressing effect, of added potassium on 
the uptake of magnesium by plants. The reverse interaction has been 
demonstrated in sand and solution cultures, but except for small areas 
in Webster County, Iowa (67, 20, 98, 109, 102, 69, 41), field condi­
tions of high calcium and magnesium with low, potassium are uncommon.
In arid and semi-arid conditions, where there is little or no leaching, 
potassium and other bases accumulate (43).
In the Red River flood plain of Louisiana, soils have been
influenced by the soluble and eroded materials deposited from the semi- 
arid areas of Texas and Oklahoma. These deposits have since been 
subjected to humid climatic conditions with about 50 inches of rainfall 
annually. Most of these soils have permeable profiles and many have 
been in cultivation for 200 or more years.
REVIEW OF REFERENCES
POTASSIUM
Concern for potash is not simply a modern problem, since the 
German chemist Justus Von Liebig, first recognized the importance of 
potash for growing plants in 1840 (96, 115).
The first chemical industry was the production of potash and 
it also was the first material exported by the Jamestown colonists 
(96). On July 31, 1790, the United States issued its first government 
patent to Samuel Hopkins for "making pot ash and pearl ash by a new 
apparatus and process." The patent was signed by President George 
Washington, Attorney General Edmond Rudolph and Secretary of State, 
Thomas Jefferson. Mr. Hopkins used 400-500 tons of wood (3-5 acres) 
to produce one ton of his potash (96).
SOIL POTASSIUM AVAILABILITY
From this early beginning, the production of potash has become 
a major industry. Many authors (68, 115, 17) have illustrated the 
scheme of potassium availability: soil mineral potassium, fixed potas­
sium, exchangeable potassium and water-soluable potassium. Shone (104) 
indicated that the degree to which less labile potassium was released 
was related to the free energy of the potassium in the soil solution 
and that a lowering of the activity of potassium in the soil solution, 
either by leaching or plant uptake, would accelerate the rate at which 
difficulty-exchangeable potassium was released into the soil solution. 
This was also confirmed by Doll (39) and his associates. Worsham and
Sturgis (122), in studying the potassium availability in the lower 
Mississippi floodplain soils, found that high potassium availability 
was associated with a high base exchange capacity.
THE EFFECT OF MINERAL COMPOSITION ON POTASSIUM AVAILABILITY
As mentioned earlier, potassium availability appears to be 
related to an activity equilibrium between the soil solution and the 
soil colloids. Doll (39) stated that this activity equilibrium was 
maintained and that potassium was released by the soil particles when 
the activity in the soil solution was lower than the activity on the 
clay lattice. With equal amounts of potassium, the fine clays had a 
lower activity than the coarse clays. As the soil potassium was 
gradually depleted the activity coefficient of the entire soil was 
slowly reduced. He also stated that another factor which reduced the 
activity coefficient was the weathering of illite to form vermiculite 
or montmorillonite. He found that large amounts of potassium were re­
leased from the coarse (2.0-0.2 microns) clays. An intermediate amount 
of potassium was released from the intermediate (0.2-0.08 microns) 
clays. Small amounts of potassium were released from the fine (less 
than 0.08 microns) clays.
Cook (33) found by drying.soils that potassium was released by 
the soil particles when leached with normal, neutral, ammonium acetate, 
if the original exchangeable potassium was greater than 0.5 meq per 
100 grams of soil. Therefore, an equilibrium level of 0.5 meq exchange­
able potassium per 100 grams of soil was postulated for those soils.
This was later confirmed by Dowdy and Hutcheson (40) who found for those 
soils an equilibrium of 0,45 (+ or - 0.10) meq per 100 grams of soil. 
They illustrated the potassium fixing power of various clay minerals
on drying. They found, as had been reported by Stanford (108), that 
montmorillonite fixed potassium only when dried, not when wet. They 
reported that illite normally did not fix potassium but released it, 
except that in calcareous soils it did fix potassium upon drying. As 
vermiculite was added to illite the fixation of potassium was continu­
ous even in moist conditions but the fixation leveled off when the level 
of illite equaled the amount of vermiculite in the mixture. A mixture 
containing more vermiculite than montmorillonite showed fixation under 
moist conditions and continuous fixation as the soil became drier. 
Montmorillonite alone did not fix potassium when wet. It probably 
released some potassium between 5 percent and 14 percent moisture, but 
below 5 percent moisture, it fixed a great deal of potassium. DeMumbum 
and Hooves (37) also reported that "Vermiculite fixes large amounts of 
potassium when moist and additional when dried."
Kardos, (66) in summarizing many reports, concluded that 
"Illite and montmorillonite are not responsible for potassium fixation 
in the moist state, whereas, vermiculite appears to be of major import­
ance in potassium fixation." In tests to measure the effect of air 
drying soils' on the potassium availability, Levbs, Stanford and Scott 
(75) found that air drying increased extractable soil potassium and . 
also plant uptake of potassium. They reported that "the ability of a 
soil to supply potassium to greenhouse plants was better correlated with 
exchangeable potassium of undried soils than dried soils and that this 
was true whether or not soils were air dried before cropping."
Cook and Hutcheson (33) said that whether or not each soil had 
a characteristic equilibrium state was debatable; nevertheless, the 
results they obtained suggested that the effects of drying oiT'fhe
exchangeable potassium level were related to the Initial amount of 
exchangeable potassium. Their results also indicated that moisture 
rather than heat was the more important factor affecting exchangeable 
potassium level.
Scott, Hanway and Stickney (101) confirmed the moisture effects 
on mineral fixation of potassium as stated above and also that drying 
soils increased the release of potassium. They added that "the addition 
of ammonium chloride was particularly effective in reducing the potas­
sium release upon drying." Barshed (10) stated that "illite became 
vermiculite upon release of potassium and that vermiculite was then of 
major importance in potassium fixation."
Bennie and Barber (13) took 0-6 inch and 6-12 inch samples from 
alluvial and upland soils and grew millet on them. They found an 
r-value of 0.68 for the."relation between potassium fixation and the pro­
portion of 14 A° minerals that collapsed to 10 'A° during heat treatment 
of an alluvial subsoil. These studies indicated that high potassium 
fixing capacity of these soils was related to the high proportion of 
collapsing 2:1 minerals and high pH."
Deo (38), in analysis of a Yohcla soil found along the Red 
River, gave the following: (expressed in p.p.m.)
Depth Total-K Feldspar-K Micaceous-K ExchanReable-K
0-10" 17,600 12,100 4,900 120
10-14" 17,100 12,900 3,900 60
14-30" 15,600 12,400 2,900 40
Milton (83) studied various soils of Louisiana including Norwood 
soils of Rapides Parish. From his findings he made the following
statement: "The fine day fractions of the Red River alluvium contained
large amounts of vermiculite." He said that interstratified vermicuiite- 
illite was identified as a minor component of the Norwood surface 
horizon fine clay fraction. He further added that "montmorillonite in 
the Norwood soils shows a high degree of weathering."
Mortland, Lawton and Uchara (85) conducted tests to determine 
if biotite weathered to vermiculite and the effect that plant growth 
would have on the process. Very fine ground biotite (less than 60 
mesh) was used and four crops of wheat were grown in one year. X-ray 
defraction peaks were studied with the following results: 1. biotite
had a high 10 A° peak. 2. biotite that was electrodialysed for two 
weeks had high 10 A° and low 14 A0 peaks. 3. biotite, 100 grams per 
potj had a moderate 10 A0 peak and almost as high 14 A° peak. 4. biotite, 
50 grams per pot, had a high 14 A° peak and a medium to low 10 A° peak.
5. biotite, 25 grams per pot, had a very high 14 A° peak and a very 
low 10 A° peak, showing that as plants removed potassium, biotite 
reverted to vermiculite faster. They reported "No intermediate hydrous 
mica forms in transition of biotite to vermiculite and since biotite 
reverts to vermiculite so readily, it probably would not occur in 
soils to great extents."
Cook and Hutcheson (33) working with selected Kentucky soils 
agreed that illite was probably the seat of potassium-supplying power.
The found that the 14 A° vermiculite spacing contained by soils of high 
potassium supplying power was easily collapsed to 10 A° by potassium 
saturation and 100 C heating, whereas the spacing of soils low in 
potassium supplying was affected little by potassium saturation, requir­
ing 300 C or higher heating for closure. They gave two possible ex­
planations that could account for the differences in collapsibility:
(A) differences in magnitude, location and origin of intierlayer charge; 
and (B) presence or absence of nonexchangeable aluminum in interlayer 
positions. They found that soils containing considerable amounts of 
vermiculite released potassium to some degree in all soil horizons 
particularly the C horizon. The release of potassium by vermiculite 
appears to agree with the findings of Mortland et al. (85) that potas­
sium fixed by vermiculite was available to plants. "It seems logical," 
said Cook .(33), "that vermiculite could fix potassium only up to some 
fixed saturation point, after which, stress exerted upon the system 
could result in potassium release back to an exchangeable form. To 
what extent vermiculite could fix potassium before release began is not 
known." In conjunction with this concept, factors such as stage of 
weathering within the profile, cation interference, and anion influence 
must be considered in the evaluation of inconsistent potassium behavior. 
"It appears," he continued, "that the initial level of potassium exist­
ing in soils may have a marked influence upon the release or fixation 
of potassium by a particular mineral or a system, since there is 
obviously a limit to which release or fixation might take place in any 
system." He concluded that the ease of collapse of vermiculite from 
14 A° to 10 A0 in the coarse clay fractions of soils indicating a high 
potassium supplying power was noteworthy since few easily collapsible 
vermiculites had been reported. On the other hand, there were numerous 
occurances of difficulty collapsible 2:1 type minerals. He said the 
degree of contraction or expansion of a clay lattice was actually a 
derived parameter, one that was dependent upon the basic properties, 
for it was not the potassium ion between the clay layers which caused 
a clay to contract but it was the type and amount of charge on the basic 
lattice which primarily provided the clay with its contractable character
(33). Therefore, differences in collapsibility noted in their study 
appeared to provide some measure of the total charge and the amount of 
tetrahedral charge in various clays present. Ease of collapse to 10 A° 
by expandable clay minerals when saturated with potassium suggested 
that the interlayer charge was relatively large and that the predominant 
lattice charge was probably tetrahedral and was inherited from mica- 
type minerals. When collapse was restricted, weathering had been suf­
ficiently severe to reduce the high lattice charge. It has been 
postulated that non-exchangeable aluminum in the interlayer position 
in vermiculite restricted collapse of the mineral on potassium satura­
tion.
Mortland ejt al. (85) suggested that in virtually unweathered 
soils, high in trioctahedral mica and its derivatives, release of soil 
potassium from exchangeable forms occur almost as rapidly as potassium 
is taken up by plants. Such soils make up many of the irrigated regions 
of the West and Southwest United States.
Kilmer et £1. (68) suggested that trioctahedral mica parent 
material and a low intensity of weathering favored the release of potas­
sium for crop needs, whereas a dioctahedral parent material may not have 
a high enough rate of potassium release to meet the entire needs of 
growing plants and supplemental fertilization would be necessary.
THE EFFECT OF DIFFUSION ON POTASSIUM AVAILABILITY
Although an understanding of soil mineral composition is import­
ant to the understanding of potassium availability in the soil solution, 
a number of other factors influences its availability to plants and its 
uptake by plants. One of such factors is the diffusion of ions in the 
soil solution. Extensive tests on the diffusion of ions in soil
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solution were reported by Graham-Bryce (46). He found that monovalent 
ions diffused more rapidly than divalent ions in homoionic soils, and 
the diffusion coefficients followed the reverse order of the expected 
energies of adsorption. In soils containing mixed exchangeable cations, 
the diffusion coefficient for monovalent ions was reduced by the presence . 
of the slower moving divalent species.
He further stated that the diffusion coefficient of ions was 
affected by several other factors such as soil type, moisture content, 
temperature and composition. All of these were shown to be significant.
Of these factors, moisture content had the greatest effect and was 
likely to be the dominant factor in the field. He found that as the
moisture of a calcium dominated soil dropped from 23 percent to 10 per-
86 -7 _ocent, the diffusion coefficient of Rb fell from 1 x 10 to 5 x 10
cn? per second. The exact values of the diffusion coefficient were
dependent upon the bulk density of the soil. Soil compaction increased
bulk density and not only reduced potassium uptake by plants as stated
earlier, but reduced the diffusion coefficient of the ions in the soil
solution at a given moisture content.
He (46) found no simple correlation between ion diffusion and 
the mechanical analysis of the soil, or the cation exchange capacity 
of the soil. He estimated that the part played by water uptake in 
transporting potassium and magnesium in most soils would supply the 
plant with only a small share of the required potassium, while magnesium 
would be expected to accumulate around the roots. Since more would be 
transported than would be taken up by the roots, it would diffuse back 
into the soil. Calcium was less strongly retained by exchange sites 
in competition with magnesium than "in competition with potassium;
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therefore, a..band of magnesium will move more slowly down a soil column 
when being displaced by calcium chloride than a band of potassium would. 
Plants must take up water during growth and he indicated that the trans­
piration stream would make some contribution to nutrient transport in 
all cases.
Graham-Bryce (46) also stated that, "It seems unlikely that 
diffusion can be- a significant means of transport under conditions where 
mass flow is not able to contribute to the supply." It appeared that 
in most soils the potassium concentration in the soil solution was such 
that water uptake did not supply enough potassium to meet the require­
ments of crop plants. The transport of magnesium, on the other hand, 
seemed to present few problems and as stated above often lead to an 
accumulation around the root resulting in diffusion back toward the 
bulk of the soil. Oliver and Barber (88) found that the calcium and 
magnesium uptake by plants was correlated with the mass flow of the 
transpiration stream in the soil. Potassium and sodium were not cor­
related with water movement in the soil as affected by mass flow and 
transpiration in the plant.
Kilmer and his associates (68) reported that even though 
abundant potassium may be found in the soil, there was no assurance 
that plant roots would be able to use it. Barber (9) calculated that 
potassium in the soil solution was inadequate to account for the amount 
of potassium found in growing plants and suggested that the rate of 
diffusion in the soil solution was the limiting factor in plant uptake 
of potassium. Since the isotope has a short life, most investiga- 
tors have used Rb°° to estimate the diffusion of potassium-in the soil. 
Fried and his associates (42) indicated that rubidium was a good
12
indicator of potassium behavior in certain instances.
Place and Barber (95) found that the rate of Rb®® diffusion 
was increased by increasing soil moisture and the increased diffusion 
rate resulted in increased rubidium uptake by plants. When correlations 
were made between self diffusion and plant uptake, an r-value of 0.987 
was obtained. Tests in selected Red River soils (110) of the self­
diffusion rate of Rb®® did not agree with the above findings. These 
tests showed no measurable movement up to 12 percent moisture and a 
maximum movement of 0.5 cm after 10 days of complete saturation. These 
tests indicated that these Red River soils had a very high rubidium 
fixing power. The Rb°° diffused readily in soils that were treated 
with calcium and magnesium salts comparable to the highest concentrations 
of these salts in some of the Red River soils. It appeared that when 
calcium and magnesium were added, the saturation of the exchange sites 
by these cations reduced the fixation of the rubidium by the soil and 
permitted its normal diffusion. At equal concentrations the effect of 
magnesium was greater than that of calcium.
THE EFFECT OF DILUTION ON POTASSIUM AVAILABILITY
Another factor affecting potassium availability and its uptake 
is the dilution effect. Moss (86) found that as the soil became wet, 
the concentration of ions in the solution decreased because of the 
dilution effect, but a net adsorption of divalent cations and exchange 
of monovalent cations occurred because the ratio tended to remain 





As the soil moisture was reduced, the concentration of calcium, magne­
sium and potassium increased, but the concentration of calcium and 
magnesium increased faster than did the concentration of potassium.
In tests by Moss (86), as soil moisture was reduced, a reduc­
tion in the potassium content of the soil solution resulted and this 
decrease in K/ Ca + Mg was directly related to the K/ Ca + Mg content 
in the plants. Mederski and Wilson (81) found that as the moisture 
content of the soil was reduced, the nitrate concentration increased 
and along with an increased nitrogen concentration in the plant there 
was a decrease in potassium concentration in the plant. On the basis 
of total ion absorption Jenne (61) found the following effect of 
decreasing soil moisture when compared to adequate moisture: dry matter, 
44 percent; phosphorus, 40 percent; nitrogen 50 percent; magnesium 65 
percent; potassium, 71 percent; and calcium, 93 percent.
THE EFFECT OF MOISTURE ON NUTRIENT AVAILABILITY
Closely related to the dilution effect is the effect of soil
moisture on the availability of potassium and other nutrients. Danielson 
86(35) used Rb as a test for the effect of soil moisture on potassium
availability. He found that moisture stresses developed from soil
moisture tensions and from osmotic solutions differed markedly in their 
86effects on Rb° absorption. The ion uptake decreased rapidly with 
initial increases in soil moisture tensions and leveled out at higher 
tensions and gave a curve nearly logrithmic in nature. Increasing 
osmotic pressure caused only a slight decrease in absorption of Rb®^ by 
corn seedlings. The ion uptake from the soil was nearly a straight line 
function of soil moisture content.
From experiments with decreasing soil moisture on corn plants,
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Jeanne et al, (61) gave the following values of various plant factors 
under moisture stress as a percent of that plant factor grown under 
adequate moisture: phosphorus, 40 percent; dry matter, 44 percent;
nitrogen, 50 percent; magnesium, 65 percent; potassium, 71 percent; 
and calcium, 93 percent. In these particular soils it appeared that 
with a 50 percent and 60 percent reduction in nitrogen and phosphorus, 
the 29 percent reduction in potassium was not the limiting factor in 
the reduction of dry weight. The review of literature on the effect 
of mineral composition on potassium availability indicated that reduc­
ing soil moisture had a variable effect on the availability of potassium 
in relation to the mineral composition of the soil (40, 109, 37, 66).
The increased effectiveness of potassium fertilization during 
wet years when compared to dry years is common knowledge; Jain (60) 
demonstrated the same effect with magnesium fertilization on low magne­
sium soils.
Mederski and Wilson (81) stated that "most experimental evidence 
shows that decreasing the soil moisture supply is associated with 
increased nitrogen content, decreased potassium content and a variable 
effect on calcium, magnesium and phosphorus in plant tissue." They used 
a split root method so that one-half of the roots were in sand with 
abundant water while the others were in soil with varying moisture ten­
sions. One-half of the treatments were grown in 100 percent humidity 
to reduce transpiration and the others were grown in normal humidity.
For potassium they found that soil moisture level had a highly signifi­
cant effect on the plant content at both levels of humidity. At low 
humidity, potassium uptake increased linear with soil moisture. At 
high humidity, the effect was significant but neither linear nor was
15
the quadratic regressions significant. (The experiment had a large 
experimental error.) The magnesium uptake by plants was also signifi­
cantly affected by soil moisture at both humidity levels. At high 
humidity, the linear regression of percent magnesium on soil moisture 
was significant. At low humidity, there was a signficant difference in 
percent magnesium, but neither the linear nor the quadratic equations 
were significant. Nevertheless, the average magnesium content of the 
tissue produced at the four lowest levels of soil moisture was lower 
than the average magnesium content of the three highest levels of soil 
moisture. The plant uptake of calcium in relation to soil moisture was 
highly significant at the high level of humidity with a correlation of 
.96, but non-significant at the low humidity level. There was a very 
high correlation between the soil moisture level and the root and top 
growth.
THE EFFECT OF SOIL COMPACTION ON POTASSIUM AVAILABILITY
Soil compaction influences both the dilution effect and soil 
moisture, thus indirectly affecting the availability of potassium and 
other nutrients. According to tests reported by Kilmen and his associates 
(68), compaction markedly reduced the potassium content and increased the 
calcium and magnesium content of corn plants with a resulting shift of 
the ratios of corn yields. The lowest Ca + Mg:K ratio was associated 
with highest yields. The optimum ratios of elements in the plant 
tissue were K:Ca = 5.45, K:Mg = 3.21, Ca + Mg:K = .49. They said that • 
less than 5 percent of the potassium would be supplied by root intercep­
tion of potassium in the soil. Most potassium must come to the root 
surface by diffusion in the water film.
THE EFFECT OF ORGANIC MATTER ON POTASSIUM AVAILABILITY
Another factor affecting potassium availability is soil organic 
matter. Arnold (8) reported the effect of organic matter on potassium, 
magnesium, and calcium availability. He reported that calcium and 
magnesium ions were strongly bonded by organic matter and potassium ions 
were much less strongly held; therefore, with an increase in organic 
matter, there was a higher potential for available potassium and other 
monovalent cations. This would mean an increased concentration of 
potassium and a decreased concentration of calcium and magnesium in the 
soil solution.
THE EFFECT OF ION CONCENTRATION ON AVAILABILITY AND ABSORPTION
The next factor affecting nutrient availability is the relative 
concentrations of ions in the soil solution. The K:Mg ratio in the soil 
should be 2:1 (60, 11). Jain (60) and Cummings (34) reported that the 
addition of potassium or magnesium would increase the uptake of the 
other when both were deficient, but the addition of either when it was - 
plentiful or excessive would reduce the uptake of the other. In their 
work, they found that soils with less than 4 percent magnesium satura­
tion showed magnesium deficiencies. Batey (11) caused a magnesium 
deficiency to develop in plants when potassium was added to make a 22:1, 
K;Mg ratio.
Lucus and Scarseth (74) said that "the potassium content of the 
plant was affected by the ratio of exchangeable calcium and magnesium 
in the soil. For this reason, a measure of potassium can not be 
evaluated adequately unless the calcium and magnesium content of the 
soil is known." In the corn plants they said, "There exists and inter­
relationship between calcium, magnesium and potasium in plants and an
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understanding of this relationship is fundamental knowledge. Any 
practical or experimental design whose objective is to increase one of 
these cations in the plant must allow for the fact that the other cations 
will be decreased." The review of studies concerning the high-lime 
soils of Iowa did not substantiate the theory of Lucus and Scarseth 
(74) that the equivalent of bahes tends to be constant as they had 
found in their corn experiments, but it well illustrated the reciprocal 
effect of the cations. Thus, the high-lime soil studies suggested the 
importance of the ratio of Ca + Mg/K. When potassium was added to the 
Iowa soils, this ratio was reduced from 6.0 to 3.6. The ratio of the 
check plot was 7.2 and the plants showed potassium deficiencies. The 
high-lime studies suggested a ratio of 3.5 or smaller for corn (109).
None of the authors reviewed gave a concentration of extract- 
able or exchangeable soil potassium which was considered to be low or 
high to plant response. This was not true with plant concentrations. 
Potassium is absorbed by plants in larger quantities than any other 
cation (32). Ward (118) gave the amount of total plant potassium below 
which deficiencies would exist and additions of potassium would be 
recommended: corn, 1.7 - 2.25 percent; alfalfa, 2 - 3  percent; oats,
2 - 5  percent; wheat, 1.6 - 3.2 percent; soybeans, 1.71 - 2.5 percent. 
Bold (19), working with strawberries, found maximum yield with 1 percent 
potassium in the leaves. Below 0.5 percent there was an association 
of leaf scorch, potassium deficiencies, reduced vigor and reduced 
yield. Between 0.5 percent and 1 percent was a highly responsive 
region in the absence of other limiting factors. From 1.0 percent to 
1.5 percent was considered a marginal region with doubtful response to 
additions of potassium, and no response was evident above 1.5 percent
leaf.potassium.
Kilmen et al. (68) reported the critical K:Mg ratio in plants 
to be 3.11:1, with an optimum ratio of 3.21:1. The optimum K:Ca ratio, 
was 5.45:1 and the optimum Ca + Mg:K ratio was 0.49:1. In corn leaves 
the K:Ca ratio and the K:Mg ratio decreased with maturity of the plant, 
and there was a definite decrease in the K:Ca ratio from the top to 
the bottom of the plants.
In tests with sugarcane, Capo (27) found a good relationship 
between available soil potassium and the leaf content of potassium in 
the samples taken from the leaf blades or leaf sheaths, and in the 
samples taken at 4 months or 7 months of age. He said that to charac­
terize the relation adequately between soil and leaf nutrient content, 
it was essential to assume that there was a sufficient range of vari­
ability in the leaf nutrient content. This requires performance of 
calibration experiments in a soil low in available potassium. In his 
tests, added increments of potassium fertilizer increased the potas­
sium content of the soil by their soil tests. There were no correla­
tions made between the original soil potassium and the potassium 
content of the plants; correlations were made only between the potas­
sium content of the plants and increased increments of potassium added 
to various soil types.
Magnesium is not only an essential element for plant growth, 
but because of its relatively high activity and solubility it has 
become a nutrient problem in many soils. A great deal of work has 
been done in assessing magnesium levels in the soil and fertility 
practices to meet plant needs, but very little work has been done in 
artificial media and almost no field work has been done with high or
excessive magnesium levels in the soil.
Brubacher and Sedberry (26) reported that the soils of the 
Coastal Plains of Louisiana responded to magnesium fertilization if 
less than 10 percent of the cation exchange capacity was saturated with
magnesium and less than 55 ppm of magnesium was extracted with 0.1N HC1.
Reith (99) found that readily soluble magnesium in the soil 
must be below 3 mg per 100 grams of soil, or 30 ppm, before response 
from magnesium fertilizer can be expected. In his tests on acid soils, 
as much as 50 percent increase in plant magnesium was received by the 
addition of magnesium limestone. Single dressings of 30 pounds magne­
sium per acre had negligible effects on the readily soluble magnesium 
in the soil. Adding potassium at levels required to maintain yields 
had no practical effect on the magnesium content of the plants, but 
heavy continued dressings of potassium reduced the magnesium in the 
plants. Correlation coefficients between-percent magnesium in red clover 
and the soil indicated that the percent magnesium in the plant depended 
mainly on the potassium content of the soil. He suggested 16 mg of
magnesium per 100 grams of soil or 160 ppm for a minimum level for
assurance of as high plant magnesium content as practical.
In tests with soils ranging from 3 - 1 3  ppm magnesium, Charles- 
worth (30) found increased plant magnesium with increased magnesium 
fertilizer additions. He considered less than 10 ppm as very low and 
above 10 ppm as low magnesium. Joiner (61), using a 3 x 3 x 4 factorial 
experiment with magnesium additions, found little or no effect on the 
growth measurements of the plant or the chemical composition of the plant.
Arnold (8) stated: "It is not surprising that the magnesium
content of crops is poorly correlated with the exchangeable magnesium
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of the soil, because exchangeable magnesium determination gives only a 
measure of the size of the labile pool and no indication of the rela­
tively bonding energy or ease of replacement of magnesium in relation 
to other ions." This was also confirmed by Adams and Ghoneem (2, 44). 
Arnold (8) reported that ion activity ratios in soil solutions were 
for all practical purposes independent of the electrolite concentration 
up to quite high values. . He added, "Soils are poly-functional, 
exchangeable materials and it would be dangerous and unjustified to 
assume that most soils are essentially the same in their exchange 
characteristics. It is inevitable in a soil-water system with a given 
ionic composition that individual cation activities must adjust them­
selves so as to form a condition of minimum free energy. The cation 
with the higher free mean bonding energy must preferentially occupy 
those positions on the surface having the higher bonding energy, leav­
ing for cations of less bonding energy those positions affording least 
energy of release." He noted that magnesium deficiencies could generally 
be found under three conditions: 1. soils with low exchangeable magne­
sium, 2. acid soils, and 3. soils high in potassium.
Singh _et ajL. (105) found that the activity coefficient of
magnesium was higher than that of calcium in soils and questioned the
practice of the United States Salinity Laboratory of testing calcium 
and magnesium as a single divalent ion.
Magnesium is absorbed in different concentrations by various 
plant species, and according to Collonder (32), it was absorbed up to 
5 times as great by some species as calcium and by other species only 
to concentrations one-third of the calcium content. Mello and Mooayr 
(82) found a variation in magnesium content of the same specie at 
different stages of growth. The magnesium content of cotton was higher
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at fruiting than at flowering time.
Capo (27) found a closer relationship between the magnesium
content of the soil and plant leaves when the plants were sampled at a
relatively early stage of growth, rather than sampled at a more advanced
stage. This was true not only with magnesium but all other nutrient
elements that he worked with. He found that when magnesium was defic­
ient in soils, the addition of magnesium fertilizers increased the 
magnesium content of the plants; however, when soil magnesium was not 
deficient, he found no increase in plant magnesium by fertilizer addi­
tion. Similar results were found by Mori et al. (84) except that they 
added excessive potassium which reduced the magnesium content of 
plants and concluded that, "Applied potassium-magnesium should be less 
than 2:1 by weight". This potassium-magnesium interaction was also 
demonstrated by Bold (18), but he found that the depression of potas­
sium by adding magnesium was not significant when potassium levels 
were high. This confirms the results in the high-lime soils of Iowa 
(4, 67, 20, 98, 109, 103, 69) and also work done by others relating to 
the effects of pH (45, 102, 117) on nutrient uptake.
Usherwood (117) found that raising the pH from 5.3 to 6.7 
significantly decreased magnesium uptake with most liming materials but 
had no effect on uptake from magnesium sulfate. Various authors (102) 
found that increasing the magnesium content of calcareous soils, that 
is, narrowing the Ca:Mg ratio, caused more phosphates to remain in the 
dicalcium phosphate form which would be extractable in soil tests.
A wider ratio (even though calcium would be no more concentrated) - caused 
more reversion to higher calcium phosphates that are insoluble. He 
indicated that the effect of the Ca:Mg ratio on phosphorus availability 
may also affect plant growth and the uptake and concentration of other
22
cations in the plant.
Hooper (54) presented a paper on the uptake of magnesium under 
various conditions and gave correlations of magnesium uptake with the 
magnesium content in the soil using different extracting solutions.
The purpose of his work, however, was to determine the fertilizer needs 
for magnesium and the tests were all on low-magnesium soils. The 
herbage magnesium content was better correlated with the Mg:K ratio 
in the soil than with the Ca:Mg ratio, magnesium saturation, or magne­
sium extracted from the soil. Correlations were higher at pH 6.5 and 
up than at lower pH values. He suggested that for advisory purposes, 
a herbage magnesium value of 0.2 percent be maintained with a soil Mg:k 
ratio of 1:2.
Word (118) gave the following values of plant magnesium below 
which deficiencies may be expected: corn, .21 - .4 percent; alfalfa,
.31 - 1.0 percent; oats, .1 - .6 percent; wheat, .15 - .6 percent; 
soybeans, .26 - 1.0 percent. Hubert (57), using various sources of 
magnesium fertilizers, gave the critical level of magnesium content of 
leaves as approximately 1000 ppm for alfalfa and 2500 ppm for potatoes.
He received the highest magnesium level in plants when magnesium sulfate 
and sul-po-mag were used.
Alston (5) found ho magnesium deficiencies in plants with .13 
percent magnesium or higher, but deficiency symptoms were observed when 
the magnesium content was .10 percent or lower.
Bold (18) also found maximum yield at .13 percent leaf magnesium. 
Below .06 percent magnesium, deficiency symptoms resulted. He considered 
.06 - .1 percent as a highly responsive condition for magnesium ferti­
lizer applications in the absence of other limiting factors and .1 - .15
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percent, a marginal region of fertilizer response. Above .15 percent 
magnesium was considered a luxury level and no response to magnesium 
fertilization. The interaction between potassium and magnesium in the 
responsive regions was high, but there was no apparent inhibition of 
potassium uptake by added magnesium at the rate used. Increasing 
magnesium at low levels of potassium first enhanced potassium uptake; 
later it depressed potassium uptake and reduce crop yield. The depres­
sion of potassium was not significant by adding magnesium when potas­
sium levels were high.
Gillingham and Page (45) found that magnesium uptake was 
increased by the addition of nitrates, sulfates and phosphates, while 
other workers (28, 121) found the use of foliar sprays very effective 
in increasing the magnesium content of plants. Chanchay et _al. (28) 
found magnesium chloride to be most effective and magnesium nitrate to 
be most toxic as foliar sprays.
Gillingham and Page (45) found that the calcium^uptake by 
plants was increased by the additions of chlorine and nitrates.
Ward (118) gave the following levels of calcium in plants which 
he considered sufficient: corn, . 2 1 - 5  percent; alfalfa, 1.76 - 3
percent; oats, .2 - .7 percent; wheat, .2 - .7 percent; and soybeans, 
. 3 6 - 2  percent.
Thenabadu (114) found that the calcium content of plants could 
be increased by the addition of sodium if magnesium was abundant but 
sodium did not affect calcium uptake when magnesium was deficient.
Bower and Turk (21), in tests on high sodium soils which showed calcium 
deficiencies by plant analysis, found that adding calcium gave a signi­
ficant crop response. They stressed the fact that "the solubility and
availability of calcium in alkaline-calcareous soils having a high pH 
value is low".
Capo (27) found a significant correlation between the calcium 
carbonate content of the soil and the calcium content of plants in only 
one of eight experiments. The other seven showed no correlation between 
these two factors. The variation of magnesium uptake by various plant 
species, pointed out earlier, has also been observed with the uptake 
of potassium and calcium (65, 27, 15, 47, 41). Especially do grasses 
tend to absorb more potassium and less calcium when compared to legumes.
Kahn and Hanson (65) studied the kinetics of potassium accumu­
lation by c o m  and soybean roots as affected by calcium. For both kinds 
of roots, calcium increased the affinity between the potassium ion and 
the postulated carrier; in a second reaction, independent of the first, 
calcium decreased the velocity of the metabolic phase of potassium up­
take. The first effect of calcium was proportionally greater in corn, 
while the second was proportionally greater in soybeans. The net result 
of the two effects was the reduction of maximum potassium accumulation 
in presence of calcium more in soybeans than in corm. At moderate 
levels of potassium concentration, the presence of calcium promoted 
potassium uptake in corn and inhibit it in soybeans. That is why there 
was so much higher K:Ca accumulation ratios in corn than in soybeans.
In excised barley root investigations, Elzam and Hodges (41) 
found the energy dependent potassium transport to be inhibited by either 
calcium sulfate, magnesium sulfate or flourides.
Shone (104) explained that "... some elements such as hydrogen, 
carbonates and possibly other ions leave the roots simultaneously with 
the absorption of other nutrients." This was to maintain a balanced
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electrochemical potential. Thus in cereal crops the total potassium 
content of the shoots at harvest may be little more than 50 percent of 
that at the time of tillering. An appreciable part of this loss may 
occur through the roots.
A number of authors (65, 50, 89) agreed with Shone that the 
concentration of calcium or any other alkaline earth ion was necessary 
to enhance the uptake of potassium; however, the concentration of those 
ions in order to provide the uptake of potassium was very low, and in 
most soils the concentration of divalent ions would not be below the 
level in which potassium uptake would be decreased because of a 
deficiency of those ions. If those same ions are that low, adding cal­
cium or magnesium would increase the uptake of potassium until that 
level was reached. In the immediate environment of the plant root, 
potassium tended to be depleted to a greater extent than calcium or 
magnesium, so that potassium concentration was generally lowered and 
the magnesium-calcium concentration tended to be increased. The calcium 
and magnesium concentration in the soil must be relatively low before 
they have a great influence on the uptake of potassium by plant roots.
Sutcliffe (111) suggested that potassium might be actively 
absorbed by plants. He expressed the possibility that potassium might 
be able to form complexes with certain kinds of proteins because potas­
sium was known to be a specific activator of certain enzymes. This 
activation was likely to depend on some kind of physical binding between 
the active protein and the activating agent. He said, however, that
i
there was no direct evidence of the formation of such a complex. He 
added that magnesium was an activator of certain enzymes in the plant 
and was an osmotic regulator. Hydrogen, calcium, ammonium and potassium 
compete with magnesium for absorption in the plant.
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Hirata and Mitsui (50) reported that potassium uptake by plants 
was not inhibited by the presence of hydrogen, sodium or lithium; how­
ever, the K:N2 ratio1 increased in the presence of the calcium ion. 
Overstreet et_ al. (89) presented theories to explain the above results. 
They suggested that calcium enhanced potassium absorption, by acting 
as a cofactor for the separation of potassium from some compounds that 
were binding potassium.
Another theory presented by Kahn, Hanson and Tanada (65) was 
that calcium stimulated potassium uptake by increasing the affinity be­
tween the postulated carrier and the potassium ion. The results obtained 
by Hanson (65) and also by Mitsui and Hirate (50) supported Tanada's 
(65) view that a ribbon neucleoprotein may be involved in rubidium and 
phosphorus uptake and that calcium may regulate the ion absorption.
The results of the data by Hirate and Mitsui (50) showed that: 1. Both
EDTA and EDTA.Mg induced similarly the release of calcium from the roots.
2. EDTA.Mg, as well as EDTA alone, brought significant repression in 
potassium uptake but had an insignificant effect or no effect on phos­
phorus, ammonia and nitrate uptakes. EDTA.Ca did not repress potassium, 
phosphorus or ammonia uptake. 3. EDTA or GEDTA accelerated the degrada­
tion of nucleic acid and the replacement of neculeotides, while EDTA.Mg 
or GEDTA.Mg had no such effect. These results indicated that the indi- 
spensive role of intracellular calcium and potassium uptake did not 
appear to be directly associated with ENA metabolism in the plant. 
Potassium had been shown (1) to have highly favorable effect on the ' 
transport of sugars in the cotton plant while calcium showed a negative 
effect.
Magnesium accumulated mostly in the reproductive organs of
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plants (39). The critical level for many crops was .29 percent concen­
tration in the leaves. The range was usually .05 - 2.5 percent.
Magnesium fertilizer was found not only to significantly increase the 
yeild of potatoes (78), but it also increased the formation of female 
flowers.
According to Jain (60), maximum uptake of magnesium occurred 
between pH 5.5 and 7.5. Magnesium had a direct and significant role in 
crude fat formation in the plant. Magnesium had a significant effect 
upon the translocation of phosphorus from leaves and stems to the fruit. 
With salinity problems he suggested the. use of magnesium sulfate sprays, 
but cautioned that an adequate supply of nitrogen must be maintained 
for satisfactory response from magnesium sulfate sprays.
THE EFFECT OF ION ANTAGONISM ON NUTRIENT ABSORPTION
The antagonistic effect of one ion on the absorption of other 
ions by plants is influenced to a great extent by their concentration 
in the soil solution. It has been rather common knowledge that the 
addition of potassium to a soil increased the potassium content of plants 
(72, 76). This was true up to rather high soil potassium concentrations. 
The effect of added soil potassium on depressing the uptake of magnesium 
by plants has also long been recognized and reported by many authors 
(6, 72, 107, 31, 16, 109, 90, 93, 96, 56). Laughlin (72) found that 
added soil potassium reduced the magnesium content of potato leaves but 
increased its content in the tubers.
Fuller and Ray (43) stated that "The uptake of potassium by plants 
is markedly affected by other cations." Many authors have confirmed this 
statement (89, 72, 94, 114, 107, 31, 96, 24, 16, 90, 93). Fuller and 
Ray (43) gave three specific factors of other cations as they affect
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potassium absorption: 1. Kind of cation, 2. Concentration of single
cation in relation to potassium concentrations, and 3. Kind and concen­
tration of multiple of other cations available to the plant.
The interactions between sodium and potassium have been of 
interest for a long time. While sodium has not been placed on the list 
of essential elements, its beneficial effects on plants has been 
demonstrated many times. According to Thenabodu (114), sodium aided 
or substituted for potassium in mature plant tissue, because a prefer­
ential shift of potassium to the more active meristematic regions of 
the plant was found when sodium was added. His investigations included 
the effect of both magnesium and sodium on the potassium and calcium 
content of cotton plants. When sodium was applied, the plant had a 
greater concentration of potassium in the leaves and young stems. In 
85-day-old plants, a much greater potassium content in the tissue was 
obtained in the minus-magnesium, plus-sodium tests than was received in 
the plus-magnesium, minus-sodium tests. There was almost ten-fold 
increase in potassium in young stems of plants supplied with adequate 
magnesium as there was in those with no magnesium.
The repressive effect of magnesium on potassium uptake by plants 
has been reported by many investigators (72, 114, 107, 31, 16, 90, 93,
23, 96). The large amount of available data on the repressive effect 
of added potassium on magnesium uptake compared to data concerning the 
opposite effect may be in relation to the natural conditions found that 
relate to the two conditions. Many soils were found with naturally low 
magnesium. Continual potassium additions for crop production brought 
about a natural unbalanced condition and potassium induced magnesium 
deficiency. Most all data demonstrating the opposite effect were from
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culture tests. Few If any natural situations had been observed where 
naturally high magnesium concentration inhibit plant uptake of potassium. 
The high-lime soils of Iowa had a wide Ca:Mg ratio and the repressive 
effect of calcium was demonstrated to be less than that of magnesium 
(93). Stanford (109) reported that nThe poor growth of corn on high- 
lime soils is due largely to a failure of plants to absorb adequate 
amounts of potassium from the soil. A consequence of the low rate of 
potassium absorption is an unfavorable balance between cations within 
the plant." (109) A Ca + Mg:K ratio of approximately 3.5 or less pro­
duced normal corn; a ratio of 5 or more produced corn with marked
potassium deficiencies.
Brown and Noggle (24), working with the Ruston and Sharky soils 
of Arkansas, found that "Increasing the percentage of magnesium in
either soil resulted in an increase in the percentage of magnesium and
a corresponding decrease in the percentage of calcium and potassium in 
the suite of cations at each stage of nutrient uptake." Between 6 
percent and 12 percent magnesium saturation, the decrease in potassium 
uptake and increase in magnesium uptake was usually linear. This effect 
was reduced when the saturation of magnesium was 12 percent to 18 per­
cent. They found this effect more pronounced in the Ruston than in the 
Sharky soils.
Page and Bingham (90), using nutrient solutions, found "a 
mutually antagonistic effect of potassium and magnesium on the uptake 
of each element." When the substrate contained 50 ppm potassium and 
1 ppm magnesium, the plants contained 3.5 percent potassium and .15 
percent magnesium. When the substrate contained 1 ppm potassium and 
50 ppm magnesium, the plants contained .04 percent potassium and 1.9
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percent magnesium. At 10 ppm potassium in the substrate as the magne­
sium concentration was changed from 1 ppm to 50 ppm, the potassium 
concentration in the plant decreased from 2.2 percent to .9 percent.
A number of investigations using nutrient solution did not show reduced 
potassium uptake with increased addition of magnesium to the solution 
(62, 76, 64, 14, 77, 79). A number of investigators also received no 
effect on magnesium uptake by adding potassium to the substrate (120,
79, 49, 76, 64). Thenabodu (114) noticed that the decrease in potas­
sium with magnesium additions was more pronounced in older plants 
when no sodium was added to the solutions. Magnesium sulfate added to 
highly concentrated nutrient solutions has been shown to reduce the 
toxic effects of ammonia, potassium, calcium and chlorine on plants 
(97). The mechanism of this effect was not explained.
^_A number of authors (6, 72, 8, 24, 76, 14) reported increased 
uptake of magnesium when magnesium was added to the soil, and Mason (77) 
reported increased uptake of magnesium with the addition of potassium.
In his tests, the soil available potassium was low before additions were 
made.
Potassium uptake by plants has not been reduced only by adding 
magnesium, but added calcium has been shown also to reduce the uptake 
of potassium (89, 94, 96, 43). The tests by Overstreet et al. (89) may 
be typical. They found that when very small amounts of calcium were 
added, the potassium uptake was increased greatly; then as more calcium 
was added, the potassium uptake leveled off, and began to be reduced 
as continued calcium increases were made to the substrate.
Some of the highest correlations were received when the potassium 
uptake by plants was compared with the Ca + Mg:K ratio in the soil (43, 
109, 93). The wider this ratio became, the less the potassium uptake
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by plants. As pointed out earlier, plant species vary In their response 
to this ratio, especially grasses and legumes. Legumes grew satisfac­
torily at a wider ratio than grasses. It appeared that even when the 
same ratio was maintained, increasing magnesium and reducing the calcium 
concentration continued to reduce the potassium uptake by plants. ■ 
Laughlin (72) found that the addition of increased increments of potas­
sium to the soil caused an increased ratio of Ca:Mg in the plants.
This indicated that the competitive effect of K:Mg was greater than that 
of K:Ca. Calcium additions to the soil have been shown to reduce the 
uptake of potassium by plants (109, 89., 96). According to Overstreet 
et al. (89), calcium may be taken up by plants in either the adsorbed or 
absorbed form and that added potassium only inhibited the uptake of 
the absorbed form.
Investigations designed to measure the effect of calcium and 
magnesium on the uptake of potassium by plants were made (110). For 
convenience, Rb was used instead of potassium and two separate experi­
ments were conducted with 13 treatments each. In both tests, sunflower 
plants were grown in a circle in a container to a height of about 12 
inches. A 10 cm diameter plastic bottle was buried in the center of 
the container so that when it was removed, plant roots were exposed.
In the first tests, selected Red River soils containing varying concen­
trations of calcium and magnesium were placed in the center of the 
container and the isotope (50 micro curies) was added to a small, spun 
fiber glass, core in the center so that it had to move 3 cm to reach 
the roots. After 10 days and normal soil moisture, no absorption had 
taken place by the roots from soils with no calcium or magnesium addi­
tions, but the isotope had moved to the root system and was detected
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in the plants growing in soils with calcium and/or magnesium addition. 
This indicated that fixation or adsorption of the Rb®® took place and 
permitted no movement unless the soil colloids were saturated with cal­
cium or magnesium. In the second tests, the isotope was mixed with the 
soil treatments and placed in the center core of the container in con- ' 
tact with the plant roots. In these tests, movement of the isotope was 
not being measured; competition for its absorption was the major concern. 
The results showed that the higher the concentratinn of calcium and/or 
magnesium the less the Rb®® absorption by the plants. The effect of 
increased magnesium was greater than that of calcium. The results of 
these tests, along with soil diffusion tests mentioned earlier, indicated 
that the reduced rubidium uptake by increased soil calcium and magnesium 
was influenced to a greater extent by competitive absorption than by 
inhibition of rubidium diffusion in the soil solution.
POTASSIUM AVAILABILITY IN CALCAREOUS SOILS
The previously discussed factors influencing nutrient availabil­
ity and absorption are quite unique in calcareous soils. Stanford (108) 
expressed the belief that in calcareous soils, potassium fixation was 
related to cation exchange capacity. He used only illite and montmoril- 
lonite in his tests and did not include vermiculite which apparently is 
also found in the soils of the Red River flood plain (83). Stanford 
(108) found that montmorilIonite did not fix potassium in moist soils 
and only fixed potassium on drying. He found that illite fixed very 
little potassium when moist, but fixation increased on drying. This 
was also confirmed using resin to accept the released potassium (48, 40, 
66, 37).
In further discussing calcareous soils, Fuller (43) reported 
that the calcareous soils of the irrigated valleys of Arizona contained 
between 1.4 percent and 3 percent total potassium. This was 56,000 to 
120,000 pounds per acre foot (based on 4,000,000 pounds of soil per acre 
foot). The eater soluble potassium in those same soils ranged between 
30-1,000 pounds of potassium per acre foot. The water soluble potassium 
in most soils, however, was very notoriously small. Exchangeable potas­
sium in those soils had been found to range from 608 to nearly 7,000 
pounts of potassium per acre foot, which was considered to be readily 
available to plants: In those soils potassium formed soluble salts that
leached readily; thus, where soils were leached, potassium was often 
deficient for plant growth.
In arid and semi-arid climates where soils were not leached, 
Fuller and Ray (43) found that potassium was usually abundant. He 
reported that "There is evidence that water solubility of potassium in 
calcareous soils is lower than that in non-calcareous soils, except in 
soils containing large excess of hydroxyl ions." He related that the 
solubility of potassium was greatly increased by carbonic acid in cal­
careous soils, but in non-calcareous soils there was much less effect and 
in many cases no increase in solubility at all. The absorbed potassium 
in such soils responded more readily to solvent action of carbonic acid 
given off by plant roots. This explained the greater water-solubility 
of potassium by plant influences in calcareous soils. Rectemeir (98) 
reported that "from non-calcareous soils, carbon dioxide saturated water 
extracted about the same amount of potassium as did distilled water, 
but far more from calcareous soils."
In discussing the calcareous, high-lime soils of Webster County,
34
Iowa, Kelly (67), Bower and Pierre (20), and Reitemier (98) related 
the effect of high soil calcium on the plant uptake of potassium. These 
small areas, varying from a few square rods to a few acres, were locally 
referred to as "alkali spots" or "hot spots". These spots often con­
tained 30 percent to 40 percent calcium and magnesium carbonates. Corn 
germination was usually satisfactory but the older plants would show 
marginal leaf firing, characteristic of potassium deficiency. On the 
other hand, soybeans usually overcame this condition, and sweet clover 
made satisfactory growth. Although these high-lime areas usually con­
tained less exchangeable potassium than the adjoining areas-, the amount 
of potassium extracted in soil tests was often higher than in many acid 
upland soils which did not respond to potassium fertilization. For this 
reason about 20 to 30 years passed before it was recognized that plants 
needed potassium fertilization on these spots. The Iowa State University 
Agronomy Department has since recommended the use of 100 to 200 pounds 
of potassium chloride per acre on these soils (67).
Standford et: al. (109) suspected that there might be some factor 
affecting the utilization of absorbed potassium and studied the Ca +
Mg:K ratios of corn plants growing on some of the high-lime soils of 
Iowa. They concluded that potassium was not absorbed in sufficient quan­
tities for normal plant growth and that the amount of potassium taken 
up by the plants grown on the high-lime soils could be substantially 
increased by potassium fertilization. He continued that "Since potas­
sium is not absorbed in sufficient quantities for normal plant growth 
even though relatively large amounts of potassium are present in the 
exchange complex of high-lime soils, it is logical to assume that calcium- 
potassium antagonism or magnesium-potassium antagonism exists in the 
soil solution."
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Sears (103) has shown that very high concentrations of calcium 
and magnesium occurred in the soil solution of high-lime soils and he 
suggested that the very high concentrations of calcium and magnesium 
in the soil solution would be expected to repress the absorption of 
the relatively small amount of monovalent potassium. Kilpatrick (69) 
also reported increased yields and improved quality of corn on high- 
lime soils from the use of potassium chloride fertilizer. He obtained 
yields practically as high as those on normal soils by the use of 100 
to 500 pounds of potassium chloride per acre.
Sears (103) studied the replaceable potassium, the soil solution 
potassium, potassium fixation, crop response to potassium fertilization, 
and the nitrate content of Illinois high-lime soils. The greenhouse, 
field, and laboratory results all indicated that the high-lime soils 
were lower in available potassium and higher in nitrate content than 
the normal soils. The increased yields which he obtained by the use 
of wheat straw were attributed, in part, to the potassium which it 
contained but mostly to the lowering of the nitrate content of the 
soils. Wheat straw, being very low in nitrogen, caused the immobiliza­
tion of relatively large amounts of nitrogen by the decomposing 
organisms. He concluded that the lowering of nitrates reduced the 
amount of calcium and magnesium in the soil solution and temporarily 
increased the availability of potassium because of a favorable adjust­
ment of the Ca + Mg:K ratio in the soil solution.
Allaway and Pierre (4) compared the exchangeable potassium in 
high-lime soils on which corn showed marginal firing and in soils of 
adjacent areas of the same fields where the plants were normal and 
found that the productive soils contained 31 percent to 700 percent more 
exchangeable potassium than the unproductive soils. The latter averaged
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151 pounds of exchangeable potassium per acre (2,000,000 pounds of soil), 
whereas the productive soils averaged 396 pounds per acre. Seven of 
the ten unproductive soils contained less than 175 pounds of exchange­
able potassium per acre, while all the productive soils contained more 
than that amount. Eight of the 12 productive soils contained less than 
15 percent calcium carbonate equivalent, whereas nine of the 10 unpro­
ductive soils contained more than that amount. This condition was also 
confirmed in the data presented by Kelley (67) from different fields. 
Allaway and Pierre (4) found that high-lime soils had a much higher 
potassium fixing power than the normal soils and offered that as a 
partial explanation for the differences in exchangeable potassium. They 
suggested that the calcium-potassium antagonism might be a factor caus­
ing the unproductivity of the high-lime soils. Both the potassium 
fixation and cation antagonism of the high-lime, Red River soils were 
discussed earlier in this paper.
Stanford et jjl (109) studied the potassium, calcium and magnesium 
balance in corn plants grown on high-lime soils in order to determine 
whether it might be related to poor plant growth. He also studied the 
effect of potassium fertilization on the absorption of potassium, 
calcium and magnesium by corn plants and on the Ca + Mg:K ratios in the 
’plant. He concluded that the poor growth of corn on the high-lime 
soils was due to a deficiency of potassium in the plant rather than a 
failure of the absorbed potassium to function properly in the plant.
His data indicated that plants with a Ca + Mg:K ratio of 5.0 or above 
were extremely deficient in potassium, that plants with ratios below 
3.5 were normal, and that those with ratios between 3.5 and 5.0 were :A
considered to be in a transitional zone between potassium deficiency
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and normalcy. In tests on high-lime soils, Kelly (67) found that:
1. The correlation between exchangeable potassium and corn yields was 
highly significant; r = +0.932. (Potassium extraction was made by 
leaching 10 grams of soil with 250 ml of normal ammonium acetate buffered 
at pH 6.8. This was found to replace 95 percent of the exchangeable 
potassium.) 2. The exchangeable potassium content was also related to 
the carbonate content of the soils; r = -0.773. 3. The analyses of
plants grown on the soils showed that the absorption of higher amounts 
of calcium and magnesium was accompanied by the absorption of low amounts 
of potassium. 4. Correlation of the Ca + Mg:K ratios in the plant and 
the exchangeable potassium in the soil was very significant; r = -0.953. 
5. A highly significant correlation was found between the potassium 
content of the plants (expressed as milliquivalents per 100 grams' of 
plant material) and the exchangeable potassium in the soil; r = +0.942.
Kelly (67) gave the following conclusions concerning the Iowa 
high-lime soils:
1. Corn plants obtained the major portion of their potassium from 
the exchangeable supply in the soil.
2. The potassium in the soil solution is very low at any one time 
and represents only a small portion of the total potassium 
absorbed during the life of the plant.
3. The nitrate nitrogen content of the soil definitely influences 
the amount of calcium and magnesium in the soil solution.
4. .High amounts of calcium and magnesium in the soil solution
repress the absorption of a limited supply of exchangeable 
potasium but have little effect when the supply of exchangeable 
potassium is relatively high.
Bower and Pierre (20), continuing the work on the high-lime soils 
of Iowa, found that while potassium deficiency in corn grown on high- 
lime soils was usually extreme, it was rare that deficiency symptons 
were noted in crops which absorb large amounts of calcium and magnesium 
in relation to potassium such as sweet clover. They found that the
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addition of fertilizer potassium materially increased the potassium 
content of the crops and decreased the content of the other cation 
elements. The decrease was generally greater with sodium than with 
magnesium and greater with magnesium than calcium. They concluded that 
"The latter indicates that the low potassium absorption by crops grown 
on high-lime soils may be due more to magnesium than to calcium antag­
onism when these are in equal concentrations." The poor growth and 
kow absorption of potassium by corn on those high-lime soils was not 
due to low amounts of exchangeable potassium, since corn showed extreme 
potassium deficiencies on some of those soils which contained over 200 
pounds per acre (2,000,000 pounds of soil) of exchangeable potassium, 
but rather to the repressive effect on potassium absorption of high 
concentrations of calcium and magnesium in the soil solution. The soil 
solution, displaced from an uncropped pot in the above tests (20) was 
incubated for one month at '37.5 percent moisture; it contained 2, 34,
83 and 13 ppm, respectively, of potassium, calcium, magnesium, and 
sodium. The Ca + Mg:K ratio for that solution calculated on a chemical 
equivalent basis was 483. This was quite high but not as high as some 
of the high-lime soils.
Bower and Pierre (20) explained the variation in different crop 
response as follows: "In the immediate vicinity of the plant root the
Ca + Mg:K ratios of the soil solution no doubt vary according to the 
relative amounts of the various cations being absorbed by the root. It 
is quite likely, therefore, that these ratios will be lower in the soil 
solution surrounding the roots of those crops which absorb large amounts 
of calcium and magnesium in relation to potassium than around the roots 
of those crops which absorb less calcium and magnesium." ■ According to
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their findings in nutrient solution studies, lowering the Ca + Mg:K 
ratios would permit potassium to be absorbed more readily. Such 
reasoning provided the basis for explaining, for example, why buckwheat, 
sweet clover and soybeans absorbed larger amounts of potassium from the 
soil studied and responded less to potassium fertilization than corn 
and sorghum.
ANALYTICAL PROCEDURES FOR NUTRIENT DETERMINATIONS
Working with six Kentucky soils and four chemical methods,
Sutton and Seay (112) found that potassium extracted by .14N sulfuric 
acid and IN ammonium acetate from air dry soil samples and the potassium 
extracted by 1.38N sulfuric acid from moist soils samples gave the best 
indexes for evaluating the potassium supplying power of the soil. The 
potassium extracted from moist soil samples correlated better than did 
air dry soil samples with the amount of potassium removed from the 
soils by millet and red clover.
Boyd and Frater (22) found Morgan's solution containing sodium 
acetate and acetic acid to be most useful as an extracting solution for 
potassium, however, the variation between all extractants fell within 
the experimental error. Their general conclusion was that even for 
potassium responsive crops such as potatoes, none of the methods they 
tested were of great value. For the less responsive crops most of the 
methods were almost completely ineffective.
Shone (104) found that by extracting a soil with a divalent cation, 
only limited quantities of monovalent cations were extracted, while a 
monovalent extractant removed a great deal more of the monovalent ion.
This was primarily confirmed by Fuller and Ray (43) who reported that 
exchangeable potassium was readily replaced from calcareous soils by a
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solution of ammonium salts, but not by calcium salts. While in non- 
calcareous soils he found the two salts to be equally effective.
Russell (100) used four different extracting solutions and 
compared their effectiveness in potassium evaluation in relation to 
plant or crop response on many different calcareous soils. He said 
the nitric acid method should not be used for recommending potash ferti­
lizer. The sodium acetate, ammonium acetate and acetic acid alone, all 
tended to show that the exchangeable potassium was slightly lower, 
particularly when potassium additions were relatively high. The acetic 
acid method extracted only 30 percent and the ammonium acetate - acetic 
acid method 80 percent of the amount extracted by IN. ammonium acetate. 
He could not explain the wide differences. Beckett (12) stressed the 
danger of measuring the ionic potentials using only one extracting 
solution. If a soil containing both calcium and potassium was extracted 
with a solution containing only calcium, the activity ratio produced 
must be less than the true value. He suggested that it would always be 
less than the true value. He suggested that it would always be better 
to use two extracting solutions of slightly differing potassium concen­
trations and interpolate the two values for potassium and calcium.
Potassium, calcium and magnesium were extracted in Louisiana 
(25) by .IN HCl, while Alabama, Georgia, Virginia, North and South 
Carolina (91) used .05N HCl plus .025N H2SO4 for those elements. 
Arkansas, Oklahoma and Puerto Rico extracted those three elements with 
IN acetic acid buffered at pH 7. In testing saline soils, both Texas 
and Oklahoma made a saturated paste extract using distilled water for 
potassium, calcium and magnesium determinations.
Oxine was recommended (58) (36) to overcome interference due 
to phosphates when measuring calcium in extracting solutions with flame
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emmission. Delas (36) also recommended oxine to reduce interference 
of sulfur, aluminum and iron in calcium and magnesium determinations.
He reported that the interaction completely disappeared for magnesium 
determinations but for calcium determinations, if those elements 
exceeded 10 gamma per milliliter there remained risks of interference 
caused by phosphorus and sulfur in soil extracts. He said calcium 
determinations in plant extracts was only reliable if phosphorus and 
sulfur were less than two percent.
Jones and Ivy (63) found no significant difference in comparing 
spark emmission and atomic absorption on all elements except magnesium 
and potassium. They found only a small numerical difference in these 
but this was a significant difference.
Smith (106) reported that the plant analysis laboratory at 
Pennsylvania State University used lithium or sodium to make the sample 
burn smoothly. He said nickel was also added as an internal standard 
to correct for irregularities in burning.
In comparing methods of magnesium determinations Henriksen 
(51) reported that complexiometry consistantly showed too high values 
in comparison to atomic absorption due to incomplete removal of calcium. 
In other tests (52) he found a very high correlation with an r value 
of .998 between the use of the two methods. He said the atomic absorp­
tion results were slightly more reproducable and labor saving.
While Nolb (87) reported that calcium and especially potassium 
interfered very markedly when magnesium was determined by flame 
photometry, Bradfield (23) found that in using an acetylene flame the 
only interference with magnesium was that of aluminum and silica.
These decreased the measured absorption of magnesium. He reported that
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phosphorus had no influence on magnesium absorption in acetylene flame 
provided measurements were carried out above the fuel-gas reaction zone. 
In the area of unburnt gases just above the burner top, depression of 
magnesium absorption by phosphorus was again demonstrated.
Young and Gill (123) found that magnesium determination in plant 
tissue extracts containing potassium and calcium using the thiozol yellow 
method was very sensitive and reproducable when compared to other 
methods. Alt (7) recommended magnesium determinations in plant ash 
solutions by comparison with solutions of known magnesium concentrations.
Soil magnesium was extracted with various chemicals such as 
.IN HC1 (25), .05N HC1 plus .025N H2S04 and IN acetic acid (91).
Hoffman and Schroeder (53) suggested using dilute calcium chloride as 
an extractant for magnesium especially with such crops as potatoes.
Reith (99) compared ammonium acetate with 2.5 percent acetic acid as 
extractants for magnesium. He found them to be similar on a wide 
range of soils but found a poor correlation between the magnesium con­
tent of herbage and the soil. He suggested 160 ppm as the minimum level 
of soil extractable magnesium to insure herbage magnesium near the 
maximum on slightly acid mineral soils.
Swanson et al. (113) tested a number of materials to try to find 
one that would reduce the influence of calcium on magnesium determinations
in soil extracts. They found that the use of 0,0' Dihydroxyazodencene
in ammonium acetate extract, permitted a variation of only .2 - .8 ppm 
in magnesium when calcium was varied up to 75 ppm in the extract.
MATERIALS AND METHODS
Soils used in this investigation were selected from areas 
adjacent to Cane River, Old River and Red River in Natchitoches and Red 
River Parishes located in northwestern Louisiana. The cooperators and 
locations- of the soil samples are presented in Table 1 and Table 2.
a 35 kilogram bulk sample of surface soil was collected at each 
of 25 locations. A bulk sample of subsurface soil was also collected 
at each of 25 locations. The surface and subsurface samples were not 
taken from the same locations. The surface soils were sampled to an 
average depth of 15 cm (0-6"). The subsurface samples were take at a 
' depth of 15 to 30 cm (6-12") .
Bulk soil samples collected from each of the 25 locations were 
placed in plastic bags for delivery to the greenhouse. The soil samples 
were air dried, pulverized and screened to remove extraneous material. 
Exactly 3000 grams of air dried soil from each location were placed in 
3 liter plastic lined containers. Four replications of soil from each 
of the 25 locations of surface soils and 25 locations of subsurface soils 
were used in the greenhouse investigation.
At the time of bulk sampling, profile samples were collected at 
each location for use in classifying the soils. The profile samples 
were taken at each 15 cm (6") depth to a maximum depth of 91 cm (36").
A mechanical analysis was determined on each of the profile samples by 
a modification of the hydrometer method proposed by Patrick (92). The 
classification of the soils collected at each of the locations are 
presented in Tables 3 and 4.
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Table 1. Location of surface soil samples
Location number Cooperator Parish
1 Alton Lambre Natchitoches
2 Prudhomme Brothers Natchitoches
3 Alton Lambre Natchitoches
4 John Batten Natchitoches
5 Sam Hill Natchitoches
6 John Batten Natchitoches
7 R. L. Williamson Natchitoches
8 Prudhomme Brothers Natchitoches
9 John Batten Natchitoches
10 Alton Lambre Natchitoches
11 Charles Cloutier Natchitoches
12 Herman Cloutier Natchitoches
13 Herman Cloutier Natchitoches
14 R. L. Williamson Natchitoches
15 Herman Cloutier Natchitoches
16 Herman Cloutier Natchitoches
17 Alton Lambre Natchitoches
18 J. T. Bierden Red River
19 Charles Cloutier Natchitoches
20 Alton Lambre Natchitoches
21 J. T. Bierden Red River
22 J. T. Bierden Red River
23 J. T. Bierden Red River
24 J. T. Bierden Red River
25 J. T. Bierden Red River
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Table 2. Location o£ subsurface soil samples
Location number Cooperator Parish
1 Alton Lambre Natchitoches
2 Prudhomme Brothers Natchitoches
3 Prudhomme Brothers Natchitoches
4 Sam Hill Natchitoches
5 John Batten. Natchitoches
6 Sam Hill Natchitoches
7 John Batten Natchitoches
8 Tom Prudhomme Natchitoches
9 Deloy Blewer Natchitoches
10 James Stacy Natchitoches
11 John Batten Natchitoches
12 Prudhomme Brothers Natchitoches
13 Alton Lambre Natchitoches
14 Charles Cloutier Natchitoches
15 Sam Hill Natchitoches
16 R. L. Williamson Natchitoches
17 Herman Cloutier Natchitoches
18 Herman Cloutier Natchitoches
19 Herman Cloutier Natchitoches
20 Alton Lambre Natchitoches
21 John Batten Natchitoches
22 Deloy Blewer • Natchitoches
23 J. T. Bierden Red River
24 James Stacy Natchitoches



















Classification of the profile of the selected surface soils
Comprehensive System 
(January, 1965)
System of 1938 
(Revised 1949)
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed 
calcareous, thermic
Typic Hapludalfs, fine-silty, mixed, 
thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic 
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Flurentic Eutrochrepts, fine-silty, 
mixed, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Ustifluvent, Coarse-loamy, 
mixed, non-acid, thermic



































Typic Udifluvent, fine-silty, mixed 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Hapludalfs, fine-silty, mixed, 
thermic
Typic Udifluvent, fin'e-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic































Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic



































Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Ustifluvent, coarse-loamy, 
mixed, calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Hapludalfs, fine-silty, mixed, 
thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic
Typic Udifluvent, fine-silty, mixed, 
calcareous, thermic












The soils in the containers were placed on the greenhouse 
benches and arranged in a modified randomized block design. The two 
crops of sorghum-sudangrass hybrid were statistically analysed as a 
split plot with the two harvest (crops) being the split. Soils were 
the main plots and each of the 25 locations were replicated four times 
within each main plot. The analysis of variance is presented in Table 5.
Table 5. Analysis of variance





Soils k Crops 1
Error (B) 6
Locations/Soil 48
Crops x Location/Soils 48
Error (C) 288
Red clover (Triflorium pratense L.) cultavar Tensas, was
planted at a rate equivalent to 13 kilograms per hectare. The clover 
0
was allowed to grow for a 90-day period. The forage was cut and placed 
in cloth bags for drying. The plant material was dried in a forced 
draft oven at 62 degrees centigrade. After the dry weight was recorded, 
the material was ground through a Wyley mill and passed through a 2-mm
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sieve and placed into 60 ml glass containers for chemical analysis.
Since there was not an adequate production of dry matter on 
each of the containers, the four replications were combined for chemical 
analysis. Only one harvest was made of the clover.
After the clover was harvested, the soil in each container was 
thoroughly mixed and a sorghum-sudangrass hybrid was planted at a rate 
equivalent to 20 kilograms per hectare. Fifteen days after emergence 
the sorgum-sudangrass hybrid was top dressed with nitrogen and phos­
phorus. as ammonium polyphosphate at a rate equivalent to 33 kilograms 
per hectare of nitrogen and 70 kilograms per hectare of phosphorus.
An additional top dress of nitrogen, as ammonium nitrate, at a rate 
equivalent to 15 kilograms per hectare was made 20 days after emergence.
The sorghum-sudangrass hybrid was harvested two times. These 
are referred to as crops two and three. The first harvest was made 
30 days after seeding. Five days after the first harvest of the 
sorghum'-sudangrass hybrid, the soil in each container received an 
application of zinc, as zinc sulfate, at a rate equivalent to 7.4 
kilograms per hectare.
The analytical methods used to determine the 0.1N HC1 extract- 
able potassium, magnesium and calcium from the soils are those outlined 
in Louisiana Agricultural Experiment Station Bull. No. 632 (25). The 
soils were also extracted with normal sodium acetate, pH 8.2, and normal 
ammonium acetate, pH 7.0, for the determination of potassium, magnesium 
and calcium according to procedures developed by Chapman and Pratt 
(29).
The cation exchange capacity was determined by saturating a 
sample of soil with sodium using sodium acetate. The sodium was then
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replaced with ammonium.
The concentrations of calcium, magnesium, potassium and sodium 
in the soil extracts were determined on the Perkins-Elmer Model 303 
atomic absorption spectrophotometer according to operational procedures 
specified by the manufacturer.
Soil reaction (pH) and dilute acid containing ammonium fluoride 
extractable phosphorus were determined on all soil samples by analyti- 
cal methods and procedures described in Louisiana Agricultural Experi­
ment Station Bulletin Mo. 632 (25).
Soil nitrogen, including nitrates, was determined by the stand­
ard Kjeldahl method following the techniques used by the Louisiana State 
Feed and Fertilizer Laboratory.
Soil organic matter was determined by modifications of the 
Walkley-Black wet oxidation procedures as described by Page et al.
(91).
Soil carbonate content was determined by the following titrimet- 
ric procedure: twenty grams of soil was placed in a 150 ml beaker and
exactly 50 ml of standard 0.5 N HC1 was added. The material was covered 
with a watchglass and boiled gently for five minutes. After cooling, 
filtering and washing all the acid from the soil with distilled water, 
the unused acid was determined by adding two drops of phenolphthalein 
and titrating with standard 0.25N NaOH. The following calculation was 
made:
„ t „ 50 x .5 (N of HC1) - ml of NaOH x 0.25 (N of NaOH)Percent Carbonate = 5 x ---------- =— — —  --------- ------ --------- =--------20 (gr. wt. of sample)
Soil exchangeable hydrogen was determined by the barium chloride- 
triethanolamine method as described by Peech et al. (94).
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Plant material was digested in nitric and perchloric acid fol­
lowing the directions of Toth ejt al. (116). The concentration of 
potassium in the plant extract was determined by the use of a Beckman 
DU flame photometer and the magnesium concentration was determined by 
the use of a Perkin-Elmer Model 303 atomic absorption spectrophotometer. 
The atomic absorption method of determination was also used for deter­
mining calcium concentration, but instead of using only diluted plant 
extract, 3 ml of 70 percent lanthanum was added to each of the plant- 
extract samples to reduce the interference of phosphorus.
Since supplemental applications of nitrogen were made to the 
sorghum-sudangrass hybrid', nitrogen determinations were not made on the 
plant material. Nitrogen determinations were made from the red clover 
plant material by the standard Kjeldahl method using 500 ml Kjeldahl 
flask and 1.000 gram of plant material. Titration was made by using
0.1N HC1 and the percent nitrogen was determined by multiplying the 
number of milliliters of acid used in the titration by 0,014.
Phosphorus concentrations in the plant extracts were determined 
on a Technicon Auto-Analizer colorimeter. Ammonium molybdate and 
ammonium vanadate were used to develop the color in the phosphorus 
determinations of the plant tissue.
Crop, Soil and Plant Factors used in these studies.
Crops. 1. Red Clover, 2. Sorghum, first harvest, 3. Sorghum, second
harvest. Soils. 1. Surface (0-6" depth), 2. Subsurface (6-12" depth).
PI. Plant dry weight, (g).
P2. Potassium content of plant (%).
P3. Potassium content of plant (total, mg).
P4. Magnesium content of plant (%).
P5. Magnesium content of plant (total, mg).
P6. Calcium content of plant (%).
P7. Calcium content of plant (total, mg).
P8. Calcium plus magnesium content of plant (%).
P9. Calcium plus magnesium content of plant (total, mg).
P10. Phosphorus content of plant (%).
Pll. Phosphorus content of plant (total, mg).
P12. Nitrogen content of plant (%).
P13. Nitrogen content of plant (total, .mg).
51. Soil pH.
52. Soil K, ppm (HC1 extraction).
53. Soil K, ppm (NaAc extraction).
54. Soil K, ppm (NH^Ac extraction).
55. Soil Mg, ppm (HC1 extraction).
56. Soil Mg, ppm (NaAc extraction).
57. Soil Mg, ppm (NH4AC extraction).
58. Soil Ca, ppm (HCl extraction).
59. Soil Ca, ppm (NaAc extraction).
510. Soil Ca, ppm (NHaAc extraction).
511. Soil Ca + Mg, ppm (HC1 extraction).
512. Soil Ca + Mg, ppm (NaAc extraction).
513. Soil Ca + Mg, ppm (NHaAc extraction).
514. Soil K, % saturation (HCl extraction).
515. Soil K, saturation (NaAc extraction).
516. Soil K, % saturation (NH^Ac extraction).
517. Soil Mg, % saturation (HCl extraction).
518. Soil Mg, % saturation (NaAc extraction).
519. Soil Mg, % saturation (NH Ac^extraction).
520. Soil Ca, % saturation (HCl extraction).
521. Soil Ca, % saturation (NaAc extraction).
522. Soil Ca, % saturation (NH^Ac extraction)
523. Soil Ca + Mg, % saturation (HCl extraction).
524. Soil Ca + Mg, % saturation (NaAc extraction).
525. Soil Ca + Mg, %, saturation (NH^Ac extraction).
526. Soil N (Kjeldahl) %.
527. Soil organic matter (Walkley, Black).
528. Soil organic matter (Kjeldahl N x 20).
529. Soil exchangeable H (M.E.)
530. Soil H, % saturation.
531. Soil CaCOg, content (%).
532. Soil P (ppm).
533. Soil Cation exchange capacity (Meq).
RESULTS AND DISCUSSION
The mechanical composition of each six-inch zone of the 36-inch 
profile where each surface and subsurface sample was taken is presented 
in Tables 26 - 27 in the Appendix. The chemical properties of the 25 
surface soil samples from 25 selected locations and the 25 subsurface 
samples from 25 locations are presented in Tables 28 - 29 in the Appendix. 
The values for the plant material of one crop of red clover and two crops 
of sorghum are presented in Tables 30 - 35 in the Appendix.
The simple correlations, between and among the 13 plant factors
and 33 soil factors as listed on page 54, are found in the Appendix,
Tables 36 - 41. These correlations are from 25 pairs represented by 
soil sample location. These locations are given in Tables 1 - 2 ,  pages 
44-45.
Since the plant material from all four replications of the crop
of red clover had to be combined in order to have sufficient material
for plant analyses, no statistical analysis could be made. A statistical 
analysis was made on the two crops of sorghum and the results of the 
analysis of variance are presented in Table 6.
There was a very strong interaction between crops and soils for 
plant calcium, magnesium and calcium plus magnesium when these elements 
were expressed as percent, but a very low, nonsignificant interaction 
when these elements were expressed in total milligrams. There were 
significant differences between the surface and subsurface soils for 
all plant factors except plant potassium expressed in total milligrams 
(P3). There was also a significant difference between the two crops
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Table 6. Analysis of variance for plant variables on crops two and
three combined
Plant variables F-values with 1 and 6 degrees of freedom
Soils^ Crops^ Soils x Crops^
PI 25.4** 186.5** 10.1**
P2 163.0** 53.3** 25.4**
P3 2.7 331.6** 19.2**
P4 1882.0** 19.5** 3903.0**
P5 109.0** 141.0** 2.3
P6 7519.0** 337.0** 1728.0**
P7 378.0** 227.0** .1
P8 5580.0** 262.0** 7794.0**
P9 239.0** 185.0** .9
P10 521.0** 3.4 4.3*
Pll 433.0** 45.4** 45.4**
^Plant variables are explained on page 50.
6.0 significant at 5 percent level 
^F 13.7 significant at 1 percent level
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for all plant factors except percent plant phosphorus (P10). There was 
a significant interaction between crops and soils for all plant factors 
except for total calcium content (P7), total calcium plus magnesium con­
tent of the plants (P9) and total magnesium content of the plant (P5).
Three different extracting solutions were used in determining 
soil potassium, magnesium, and calcium. Results of these extracting 
solutions on the surface soil samples are presented in Tables 7 and 8 and 
the results of these extracting solutions on the subsurface soil samples 
are presented in Tables 9 and 10. The results are expressed as ppm and 
percent saturation. The means for the 25 samples are presented at the 
bottom of each table and also presented in Table 11. From the data in 
Table 11, it may be noted that HCl, NaAc, and NH Ac extracted the follow­
ing amounts of potassium from the soils: surface, 134, 90, and 101 ppm;
subsurface, 134, 105, and 76 ppm, respectively. The potassium content of 
the soil was generally lower when extracted by NH^Ac and NaAc than when 
extracted with HCl. The correlations of the mean potassium contents of 
the soils, expressed as ppm, with the same potassium contents of the plants 
of three crops, expressed as percent, were as follows: surface soils,
.181, .270, .235; subsurface soils, .475, .497, .558, respectively.^- The 
NaAc and NH^Ac extractions showed somewhat stronger association with 
plant uptake of potassium than did the HCl extraction. This same pattern 
was also shown when soil potassium was expressed as percent saturation.
The amounts of magnesium extracted from the soil by HCl, NaAc,
and NH^Ac, respectively, were 563, 268 and 300 ppm for surface soils,
and 1079, 335 and 379 ppm for subsurface soils. As shown in Table 11,
1/r/ .05 = .40, .01 = .51
Table 7. Potassium, magnesium and calcium contents o£ surface soils as




• 01N HCl IN NaAc-pH 8.2 IN NH^Ac-pH 7
K M r Ca K M r Ca K M r Ca
1 135 860 2440 68 312 1555 102 385 1482
2 145 327 880 109 352 850 118 290 749
3 115 264 920 77 241 1052 101 298 1016
4 145 817 2900 101 155 1537 109 185 1567
5 140 373 920 109 284 922 116 342 854
6 215 744 3180 159 171 1701 174 190 1536
7 135 79 420 108 71 544 93 78 446
8 105 217 450 70 215 . 542 81 235 471
9 130 1434. 8400 75 229 1986 84 170 3013
10 130 396 1240 94 256 1138 108 313 . 1085
11 145 878 3730 102 135 1520 101 164 1702
12 170 1424 5600 109 269 2088 124 312 2651
13 120 858 3130 78 116 1293 83 144 1414
14 125 213 600 96 208 673 99 233 622
15 130 202 600 100 199 725 94 207 569
16 145 909 4400 78 266 2207 115 356 2694
17 145 777 2280 115 200 1330 106 248 1320
18 120 475 1280 67 416 1176 86 481 1328
19 150 432 1240 112 368 1212 126 415 1164
20 125 167 640 96 152 566 90 174 . 490
21 130 371 1120 73 350 1360 92 375 1218
22 130 572 1320 72. 555 1648 95 599 1442
23 105 362 880 48 329 1113 68 363 974
24 125 544 920 77 496 1173 89 566 1045
25 120 377 880 62 355 1118 73 393 984
Mean 135 563 2015 90 268 1244 101 300 1273
^Locations where samples were taken are given in Table 1.
Table 8. Potassium, magnesium and calcium contents of surface soils as




IN HCl IN NaAc-pH 8.2 IN NH^Ac-pH 7
K Mg Ca K Mg Ca K Mg Ca
saturation - - - -
1 3.0 62.3 97.4 1.5 9.6 67.6 2.3 27.9 64.4
2 4.7 24.0 55.7 3.5 37.1 53.8 3.8 30.6 47.4
3 3.5 26.2 54.8 2.4 23.9 62.6 3.4 29.6 60.5
4 4.5 83.0 176.8 3.3 15.8 93.7 3.0 18.8 95.6
5 4.5 39.4 58.2 3.5 30.0 58.4 3.8 36.1 54.1
6 6.0 68.1 174.7 4.5 15.7 93.5 4.9 17.4 84.4
7 7.2 13.7 43.8 5.8 12.3 56.7 5.0 13.5 46.5
8 4.9 32.4 40.9 3.3 32.5 49.3 3.8 35.3 42.8
9 3.6 29.9 456.5 2.1 20.6 107.9 2.3 15.4 163.8
10 4.1 40.7 76.5 3.0 26.3 70.3 3.4 32.2 67.0
11 5.0 98.9 252.0 3.5 15.2 102.7 3.5 18.5 115.0
12 3.6 98.9 233.3 2.3 18.7 87.0 2.7 21.7 110.5
13 4.6 6.7 233.6 3.0 14.4 96.5 .3.2 17.9 105.5
14 4.7 25.7 43.5 3.6 25.1 48.8 3.7 28.1 45.1
15 4.9 24.8 44.1 3.8 24.4 53.3 3.5 25.4 41.8
16 2.8 57.8 167.9 1.5 16.9 84.2 2.3 22.7 102.8
17 4.8 83.0 146.2 3.8 21.4 85.3 3.5 26.5 84.6
18 2.2 27.7 44.8 1.2 24.2 41.1 1.6 28.0 46.4
19 3.5 33.0 56.9 2.6 28.1 55.6 3.0 31.7 53.4
20 6.2 26.8 .61.5 4.7 24.4 54.4 4.4 27.9 47.1
21 2.3 20.9 38.0 1.3 19.7 45.9 1.6 21.1 41.2
22 1.6 27.2 31.4 .9 22.0 39.2 1.2 23.8 34.3
23 2.7 30.2 44.0 1.2 27.4 55.7 1.7 30.3 48.7
24 2.4 34.1 34.6 1.5 31.1 44.1 1.7 15.5 39.3
25 2.7 27.1 37.9 1.4 25.5 48.2 1.6 28.2 42.4
Mean 4.0 41.7 108.2 2.8 22.5 66.2 3.0 25.8 67.4
' ̂ Locations where samples were taken are given in Table 1.
Table 9. Potassium, magnesium and calcium contents of subsurface soils as




IN HCl IN NaAc-pH 8.2 IN NH4Ac-pH 7
K - Ms Ca K Ms Ca K Ms Ca
- ppm
1 130 1146 3630 116 499 2584 81 523 2344
. 2 150 494 1560 119 473 1855 82 484 1616
3 135 1320 3000 106 735 2153 87 770 1994
4 220 1626 7000 143 513 3376 164 610 4086
5 115 1337 6400 79 185 1900 50 209 2540
6 125 1042 2540 92 399 1350 70 468 1375
7 135 1576 6400 86 248 2259 70 307 3287
8 115 1203 4400 70 312 1904 51 369 2279
9 285 223 3230 345 126 1737 197 145 2147
10 105 914 2320 79 350 1295 38 406 1361
11 120 2169 1560 66 180 2063 45 219 4275
12 130 1315 7400 85 190 1899 69 236 3120
13 125 1081 3280 92 439 2023 72 482 2207
14 120 1170 5200 106 180 1769 65 220 2520
15 130 1198 4800 92 203 2107 54 234 2159
16 95 395 1120 77 364 1366 61 393 1193
17 160 336 3180 178 118 1494 114 151 1596
18 125 816 3480 101 227 1960 68 254 2017
19 60 176 640 40 158 759 29 170 689
20 100 790 .8400 68 247 1982 44 295 3561
21 185 2236 1040 138 406 2794 125 496 4214
22 145 651 2080 130 457 r 2060 89 558 1956
23 105 730 1770 75 680 2073 44 635 1798
24 130 2446 7000 85 438 2016 65 542 2412
25 95 478 1360 68 249 981 59 298 973
Mean 134 1079 4648 105 335 1910 76 379 2309
^Locations where samples were taken are given in Table 1.
Table 10. Potassium, magnesium and calcium contents of subsurface soils as




IN HCl IN NaAc-pH 8.2 IN NH4Ac-pH 7
K Mg • Ca K Mg Ca K Mg Ca
saturation - - - -
1 1.7 48.5 92.1 1.5 21.1 65.6 1.1 22.1 59.5
2 2.4 25.2 47.9 1.9 24.2 65.9 1.3 24.7 49.6
3 1.7 54.2 73.9 1.3 30.2 53.0 1.1 31.6 49.1
4 2.4 58.2 150.2 1.6 18.4 72.5 1.8 21.8 87.7
5 3.5 131.1 376.5 2.4 18.1 111.8 1.5 20.5 149.4
6 3.2 86.8 127.5 2.4 11.3 67.5 1.8 39.0 68.8
7 3.1 117.2 285.7 2.0 18.5 100.9 1.6 22.8 146.7
8 2.7 92.8 203.7 1.7 24.1 82.2 1.2 28.5 105.5
9 8.6 31.7 190.0 9.9 12.4 102.2 5.9 14.2 126.3
10 2.8 78.5 119.6 2.1 30.1 66.8 1.0 34.9 70.2
11 3.3 194.4 838.7 1.8 16.1 110.9 1.2 19.6 229.8
12 3.6 119.1 402.2 2.4 17.2 103.2 1.9 21.4 169.6
13 2.2 61.7 112.3 1.6 25.1 69.3 1.3 27.4 75.6
14 3.6 114.7 305.9 3.2 17.7 104.1 1.1 21.6 148.2
15 2.9 89.1 206.9 2.0 14.6 90.8 1.2 16.8 93.1
16 2.2 29.4 50.0 1.8 27.1 61.0 1.4 29.2 53.3
17 6.0 102.5 233.8 6.7 14.5 109.9 4.3 18.5 117.4
18. 3.2 69.5 175.8 2.6 19.1 99.0 1.8 21.4 101.9
19 3.3 31.2 68.1 2.2 28.0 80.1 1.6 30.1 73.3
20 2.8 162.1 *456.5 1.9 22.4 107.7 1.2 26.7 193.5
21 2.7 107.7 300.6 2.1 19.6 80.8 1.9 23.9 121.8
22 2.3 33.1 63.4 2.0 42.3 62.8 1.4 28.4 59.6
23 1.3 29.2 42.5 .9 27.2 49.8 .5 25.4 43.2
24 2.6 156.8 269.2 1.7 28.1 77.5 1.3 24.7 92.8
25 3.5 57.7 98.6 2.5 30.1 71.1 2.2 26.0 70.5
Mean 3.1 83.3 211.7 2.5 23.2 82.7 1.7 25.2 102.3
^Locations where samples were taken are given in Table 2
Table 11. Comparison of three soil extracting solutions for determining potassium, magnesium and calcium
and their correlation with the nutrient uptake by plants
0.N HCl
Extracting solutions 
IN NaAc-pH 8.2 IN NH4Ac-pH 7
K Mg Ca K Mg Ca K Mg Ca
Surface Soil 135 563 2015 90 268 1244 101 300 1273
1. Mean
ppm
Subsurface soil 134 1079 4648 105 335 1910 76 379 2309
2. Mean
Surface soil 4.0 41.7 108.2 2.8 22.5 66.2 3.0 25.8 67.4
Percent
saturation Subsurface soil 3.1 83.3 211.7 2.5 23.2 82.7 1.7 25.2 102.3
3. Correlation
Surface soil .18 -.22 .52 .27 .36 -.19 .24 .41 -.18
ppm
Subsurface soil .48 -.10 .24 .50 .19 -.61 .56 .71 -.61
4. Correlation
Surface soil .26 -.29 .57 .27 .27 -.45 .31 .42 -.41
Percent
saturation Subsurface soil .21 -.04 .50 .29'. .52 -.37 .28 .59 -.23
1. Mean concentration expressed in ppm (from Tables 7 and 9)
2. Mean concentration expressed in percent saturation (from Tables 8 and 10)
3. Correlation of the mean element concentration (expressed in ppm) of the soil with the mean of the element
concentration (expressed in percent) in the plants of three crops.
4. Correlation of the mean percent saturation of the element in the soil with the element concentration 
(expressed in percent) in the plants of three crops.
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the correlations of the mean magnesium content, expressed as ppm, with . 
the mean plant magnesium content, expressed as percent, were as follows: 
surface soils, -.216, .358, .412;^ subsurface soils, -.101, .189, 167. 
Although most of these correlations were non-significant, it was evident 
that the magnesium contents as measured by NaAc and NH^AC extractions 
were more closely associated with the uptake of magnesium than was the 
magnesium contents as extracted with HCl. When soil magnesium was 
expressed as percent saturation and these same correlations were deter­
mined, the following results were obtained: surface soil, -.287, .267,
.415; subsurface soils, -.038, .515, .589, for the three extracting 
solutions, respectively. In general, the ammonium acetate extraction 
buffered at pH 7 had a slightly stronger assoication with plant magnesium 
than the sodium acetate buffered at pH 8.2 and these had a much stronger 
association than than the 0.1 normal hydrochloric acid.
From the data presented in Table 11, a comparison of soil calcium 
as extracted by HCl, NaAc and NH^Ac may be made. The calcium contents 
of the soil were: surface soil, 2015, 1244, and 1273 ppm; subsurface
soils, 4648, 1910, and 2309 ppm, respectively. When soil calcium was 
expressed as percent saturation, the results were: surface soils, 108.2, 
66.2, and 67.4 ppm; subsurface soils, 211.7, 82.7, and 102.3 ppm. From 
the data presented in Tables 28 and 29, a mean percent hydrogen satura­
tion of 15.1 percent is found in the surface soils and 5.8 percent is 
found in the subsurface soils. These figures represent the means of 25 
surface and 25 subsurface soils. When the total saturation of potas­
sium, magnesium, calcium and hydrogen is calculated the following is
2/r/ .05 » .40, .01 = .51
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obtained: surface soils, HCl 169.0 percent saturation, NaAc 106.6 per­
cent saturation, and NH^Ac 111.5 percent saturation; subsurface soils,
HCl 303.9 percent saturation, NaAc 113.2 percent saturation, and NH^AC
135.0 percent saturation. There were five of the surface soils and 
nine of the subsurface soils that had 0 percent hydrogen saturation.
Since all three extracting solutions removed more bases than 
were required for 100 percent saturation it appears that some bases were 
removed that were not exchangeable. In some soils HCl dissolved calcium 
and magnesium carbonates that were in the soil. From the data presented 
in Tables 36 and 27 a significant positive correlation was found between 
the calcium content of the soil expressed as ppm, and the CaCO^ content 
of the soil expressed as percent. This association was highest when 
extraction was made with HCl and NH^Ac and lowest when NaAc was used.
When soil magnesium, expressed as ppm, was correlated with soil CaCO^, 
expressed as percent, the correlation was positive and significant for 
the HCl extraction, but negative and nonsignificant for NaAc and NH^Ac 
extractions. This was the case for both surface and subsurface soils. 
From the data presented in Tables 28 and 29 a comparison of the calcium 
plus magnesium saturation (S23, S24, S25) with the cation exchange capac­
ity (S33) showed a negative correlation for all extracting solutions, 
with NaAc having the highest, followed by NH^Ac and HCl.
From the data in Table 11, the mean calcium concentration in 
the soil, expressed as ppm, was correlated with mean calcium concentra­
tion in the plants of three crops, expressed as percent, and the follow­
ing results were obtained: surface soil, .519, -.194, -.176, for HCl,
NaAc and NH^Ac, respectively; subsurface soil, .242, -.612, and -.608
for the same order of extracting solutions. The same pattern resulted 
when correlations were made between plant calcium and percent saturation 
of soil clacium. In both cases the correlations were positive with the 
HCl extraction and negative with the others. It may appear that the 
HCl extraction would be more reliable for making calcium recommendations 
as a plant- nutrient on these soils because it had a stronger associa­
tion with plant calcium uptake, but since plants absorb relatively 
small amounts of calcium as compared to the amounts in these soils, the 
calcium content of plants may be more related to the concentration of 
other bases in the soil and plant than to the calcium content of the 
soil.
Correlations of plant potassium with soil potassium are presented 
in Tables 12 and 13. There was little variation in the mean correlations 
between plant and soil potassium as a result of using different extract­
ing solutions. This was true whether the comparison was made with soil 
potassium expressed as ppm (S2, S3, S4) or soil potassium expressed as 
percent saturation (S14, S15, S16); however, the mean correlations were 
higher with the former than with the latter. There were generally no sig­
nificant correlations between plant and soil potassium for any crop-soil 
combination when soil potassium was expressed as percent saturation.
When soil potassium was expressed as ppm there were no significant 
correlations between soil potassium and the potassium content of red 
clover grown on surface'soils but there were significant positive cor­
relations using all three extracting solutions when red clover was 
grown on the subsurface soils. This same pattern followed with the first 
crop of sorghum showing almost no correlation in the surface soils but 
higher correlations in the subsurface soils. The second crop of sorghum
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Table 12. Correlations of the potassium in plants, expressed '
as percent, with the postassium in the soil
Soil Crop-Soil Combinations*
Factors 1-1 1-2 2-1 2-2 3-1 3-2
S2 .63' .47 .02 .38 .50 .78
S3 • .07 .40 .14 .39 .60 .70
S4 , .03 .43 .03 .47 .65 .78
S14 .30 .16 .19 .08 .30 .39
S15 .26 .21 .20 .22 .33 .45
S16 .22 .21 .19 .20 .42 .54
/r/ >  .40 
Irl >  .51 
^•Crop-Soil
Significant at 5 percent. 
Significant at 1 percent. 
Combinations and Soil Factors are explained on page 54.
Table 13. Correlations of 
total milligrams
the potassium in plants, expressed 





1-1 1-2 2-1 2-2 3-1 3-2
S2 .02 .45 .05 .43 .52 .76
S3 -.03 .46 .27 .44 .61 .78
S4 -.09 .47 .16 .47 .65 .75
S14 -.13 .12 .33 .04 .24 .37
S15 -.10 .25 .36 .20 .30 .50
S16 -.21* .27 .41 .17 .35 .50
/r/ > .40 Significant at 5 percent.
/r/ >  .51 Significant at 1 percent.
^-Crop-Soil Combinations and Soil Factors are explained on page 54.
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grown in the same soils showed a significant positive correlation in 
both surface and subsurface soils between percent plant potassium and 
soil potassium expressed as ppm for all three extracting solutions.
Correlations of plant magnesium with soil magnesium are pre­
sented in Tables 14 and 15. Whether plant magnesium is expressed as 
percent or total milligrams, its correlation with soil magnesium was 
generally negative when 0.1N HC1 was used as the extracting solution 
and generally positive when N NaAc and N NH^Ac were used. Since the 
soil samples were selected with a wide range of magnesium and calcium 
content, it would appear that some samples with low magnesium and 
calcium contents may have had little or no carbonates and the HC1 may 
have extracted an amount of these bases somewhat equal to their avail­
ability to plants, but when HC1 was used on soils that were high in 
carbonates, it dissolved some, of the carbonates and measured bases that 
would not have been exchangeable. The NaAc and-NH^Ac extracting solu­
tions were buffered to pH 8.2 and 7.0, respectively. At these pH levels 
it would not appear that much calcium and magnesium carbonates would have 
been dissolved, but the calcium plus magnesium saturation of a number of 
the soil samples extracted by these solutions was more than 100 percent. 
This would indicate that some non-exchangeable calcium and magnesium were 
also being measured by these extracting solutions. The correlations be­
tween the potassium and magnesium contents of 25 surface soils was .42 
(Tables 36, 38, 40) when HC1 was used as the extractant. (/r/>.40 Signi- 
ficant at 5 percent). The same comparison using NaAc as the extractant 
gave a correlation of -.42 and the NH^Ac gave a correlation of -.11.
There were no significant correpations between extractable soil potassium 
and magnesium in the subsurface soils when either of the extracting
Table 14. Correlations of magnesium In plants, expressed as




1-1 1-2 2-1 2-2 3-1 3-2
S5 .04 -.32 -.39 -.04 -.29 .06
S6 .13 .12 .42 .45 .52 -.00
S7 .22 .08 .45 .43 .56 -.01
S17 -.02 -.16 -.44 -.10 -.40 .15
S18 -.19 .61 .61 .68 .38 .27
S19 .02 .66 .70 .75 .52 .36
/r/ > .40 Significant at 5 percent.
/r/> .51 Significant at 1 percent.
Crop-Soil Combinations and Soil Factors are explained on page 54.
Table 15. Correlations of magnesium in plants, expressed as 




1-1 1-2 2-1 2-2 3-1 3-2
S5 -.21 -.44 -.46 -.12 -.14 -.15
S6 .40 .36 .09 .59 .33 .02
S7 .41 .33 .12 .54 .40 -.02
S17 -.32 -.56 -.43 -.30 -.28 -.07
S18 .01 .48 .57 .42 .13 .19
S19 -.02 .38 .64 .24 .21 .13
/r/ >  .40 Significant at 5 percent.
/r/ >  .51 Significant at 1 percent.
^■Crop-Soil Combinations and Soil Factors are explained on page 54.
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Table 16. Correlations of calcium In plants, expressed as
percent, with the calcium In the soil.
Soil Crop-Soil Combinations*
Factors* 1-1 1-2 2-1 2-2 3-1 3-2
S8 .57 .26 .43 .40 .56 .49
S9 .58 -.09 .31 -.25 .52 -.12
S10 .59 .15 .42 .16 .50 .29
S20 .55 .43 .43 .56 .65 .53
S21 .57 .64 .42 .61 .70 .49
S22 .58 .51 .48 .59 .64 .54
/r/> .40 Significant at 5 percent. 
/r/> .51 Significant at 1 percent. 
*Crop-Soil Combinations and Soil Factors are explained on page 54.
Table 17. Correlations of calcium in plants, expressed as 




1-1 1-2 2-1 2-2 3-1 3-2
S8 -.12 -.52 .09 .22 .60 .28
S9 .11 -.06 -.00 .06 .62 -.08
S10 .00 -.38 .09 .14 .62 .12
S20 -.16 -.57 .09 .34 .61 .33
S21 -.19 -.38 .18 .55 .63 .37
S22 -.19 -.53 .19 .37 .63 .31
Irf > .40 Significant at 5 percent.
/r/ >  .51 Signif icant at 1 percent.
*Crop-Soil Combinations and Soil Factors are explained on page 54.
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solutions were used.
When comparing the percent potassium and magnesium saturation 
in the surface soils, there were no significant correlations when any 
of the extracting solutions were used. In the subsurface soils, the 
clay content, exchange capacity, carbonate content and magnesium content 
was generally higher and the potassium content lower than that of the 
surface soils. There were no significant correlations between 
percent potassium and magnesium saturation in the subsurface soils when 
these elements were extracted with HC1, but significant negative corre­
lations were obtained when NaAc and NH^Ac were used. It would appear 
that since these bases compete for the exchange sites, there should be a 
negative correlation between their percent saturations.
From the results of these tests it appears that NaAc and NH^Ac 
were more reliable extracting solutions for measuring soil magnesium 
than was HC1.
Uiere was little variation between surface and subsurface soils 
when either soil magnesium or calcium was compared with pH (Tables 36 - 
41). Correlations of soil magnesium, whether expressed as ppm or percent 
saturation, with pH were positive and significant using HC1 and negative 
but nonsignificant with NaAc and NH^Ac as extractants. The same com­
parisons of soil calcium and pH showed a significant positive correlation 
for all three extracting solutions.
The data presented in Table 16 compare plant calcium with soil 
calcium. For the crop of red clover grown on surface soils there were 
relatively high and uniform correlations with all extracting solutions 
for soil calcium expressed either as ppm, or percent saturation, with 
the percent plant calcium. These correlations tended to be higher in
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surface soils than in the subsurface soils for all crops tested. When 
the percent plant calcium was compared with soil calcium, expressed as 
ppm, the HC1 extractions gave the highest correlations and NaAc extrac­
tions gave the lowest correlations.
When percent plant calcium was compared with soil calcium 
expressed as percent saturation, there were very little differences in 
the correlations received from the different extracting solutions. Data 
presented in Table 17 comparing soil calcium with plant calcium expressed 
in total milligrams, was generally nonsignificant except for the second 
crop of sorghum grown on surface soils. These correlations were rela­
tively high, positive and had little variation among the extracting 
solutions, whether the soil calcium was expressed as ppm or percent 
saturation.
Partial correlations measuring the association of soil calcium 
and magnesium with plant potassium, while holding soil potassium constant, 
are presented in Table 18. There appears to be no correlation between 
soil magnesium or calcium and plant potassium, with soil potassium held 
constant, when the soil was extracted with 0.1N HC1. When normal sodium 
acetate and ammonium acetate were used as the soil extracting solutions, 
there were relatively high negative correlations in the surface soil 
between magnesium (S6, S7)^ and plant potassium (P2) in red clover.
There were also negative correlations in the first crop of sorghum, 
although they were lower and nonsignificant. In both crops and with both 
extracting solutions, the correlations changed from negative in the sur­
face soil to weak positive correlations in the subsurface soils. The
^■Plant and soil factors are explained on page 54.
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Table 18. Partial correlations of soil magnesium and calcium with plant 





1-1 1-2 2-1 2-2 3-1 3-2
S5-P2.S2 .04 .08 .10 .07 -.17 .08
S6-P2.S3 -.48 .18 -.12 .27 .13 .23
S7-P2.S4 -.39 .11 -.17 .15 -.19 .04
S8-P2.S2 .09 .07 .22 -.01 -.10 .60
S0-P2.S3 -.01 .29 -.04 .41 .14 .49
S10-P2.S4 .01 .15 .09 .13 -.11 .26
S11-P2.S2 .08 .07 .20 .00 -.11 .06
S12-P2.S3 -.11 .29 -.06 .39 .16 .48
S13-P2.S4 -.06 .17 .05 .16 -.14 .27
/r/ >  .48 Significant at 5 percent.
/r/ >  .52 Significant at 1 percent.
Crop-Soil Combinations and Soil-Plant Factors are explained on page 54.
Table 19. Simple correlations of the factors included in the partial 
correlations presented in Table 18.
Crop-Soil Combinations^
Factors* 1-1 1-2 2-* 2-2 3-1 3-2
S5-P2 .04 .11 .10 .10 .08 .11
S6-P2 -.46 .11 -.17 .19 -.16 .07
S7-P2 -.38 .15 -.17 .16 -.22 .10
S8-P2 .09 .14 .21 .06 .11 .16
S9-P2 -.00 .33 -.03 .44 .13 .48
S10-P2 .00 .25 .09 .24 .07 .37.
S11-P2 .08 .14 .19 .06 -.11 .16
S12-P2 -.11 .31 -.07 .41 .08 .43
S13-P2 -.07 .27 .05 .27 .03 .38
/r/ >  .40 Significant at 5 percent.
/r/ >  .51 Significant at 1 percent. .
Crop-Soil Combinations and Soil-Plant Factors are explained on page 54.
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subsurface soils were generally higher in magnesium and lower in potas­
sium than the surface soils. Although non-significant, there appeared 
to be stronger positive assoications between soil calcium (S9, S10) 
and plant potassium (P2) in the subsurface soils than there were in the 
surface soils. This effect was noted with both the sodium and ammonium 
acetate extraction, and the same pattern followed with the association 
of soil calcium plus magnesium (S12, S13) and plant potassium (P2). 
Although these patterns were obvious, the correlations for the most 
part were nonsignificant at the 5 percent level of probability. When 
comparing the simple correlations, (Table 9), for these same factors 
and the same extracting solutions, again there was a weak positive 
association between the subsurface soil magnesium (S6, S7) and plant 
potassium (P2), and a negative association between these factors* in the 
surface soils. Although the association of plant potassium with soil 
magnesium was weaker than with soil calcium the association was 
stronger in both cases with the subsurface soils and since these soils 
were generally higher in calcium and magnesium these correlations do 
not indicate the kind of cation competition as was pointed out in the 
reference review by Stanford et al. (109). Some of their highest cor­
relations were received when comparing the potassium uptake by plants 
with the Ca+Mg:K ratio in the soil. The wider this ratio the less the 
potassium uptake by plants. It appeared that even when the same ratio 
was maintained, increasing magnesium and reducing the calcium concentra­
tion in the soil continued to reduce the potassium uptake by plants.
*Plant and soil factors are explained on page 54.
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Laughlis (72) found that "The addition of increased increments 
of potassium to the soil causes an increased ratio of Ca;Mg in the 
plants. This indicates that the competitive effect of magnesium is 
greater than that of calcium."
From the data presented in Tables 20 and 21 it is apparent that 
there was competition between magnesium and potassium concentration in 
the plants. This is especially true with the sorghum, but it is also 
shown with the red clover grown on the subsurface soils. The clover grown 
on the surface soils, which were lower in magnesium content than the sub­
surface soils, showed a significant positive correlation between total 
plant magnesium (P5) and potassium concentration (P2). As was mentioned 
in the reference review (32, 82, 65, 27, 15, 47, 41), a number of workers 
have reported that legumes not only absorb larger concentrations of cal­
cium and magnesium than do grasses, but that these cations show less, 
repressive effect on potassium uptake by legumes than by grasses and that 
the concentration of soil magnesium and calcium must be greater before 
this effect shows up in legumes when compared to grasses. Similar results 
were received when total plant potassium (P3) was compared with total 
plant calcium (P7), except that the repressive effect of calcium was 
much less than that of magnesium. In the surface soil where these cations 
were less concentrated, there was a slightly higher correlation between 
total potassium (P3) and total calcium (P7) in the plant than there was 
between total potassium (P3) and total magnesium (P5) in the plant. When 
the plant potassium (P3) was compared with the plant magnesium (P4) and 
calcium concentrations (P6) association showed a weak positive correlation 
in the surface soil clover crop and a negative correlation in the sub­
surface soil. In the two crops of sorghum there were higher negative 
correlations for both plant calcium (P6) and magnesium (P4) concentrations
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Table 20. Correlations of selected plant and soil factors with the




Mean . m  . , 1-2 2-1 -2-2 • 1 3-1 -3-2
P-3 .53 .15 .23 .69 .87 .71 .54
P-4 -.26 .67 -.55 -.18 -.39 -.56 -.51
P-6 .11 .68 -.23 .29 -.27 .07 .10
P-8 -.11 .72 -.41 .07 .45 -.35 -.25
S-2 .36 .03 .47 .02 .38 .50 .78
S-3 .38 .07 .40 .14 .39 .60 .70
S-4 .39 -.03 .43 .03 .47 .65 .78
S-5 .09 .04 .11 .10 .10 .08 .11
S-6 -.07 -.46 .11 -.17 .19 -.16 .07
S-7 -.06 -.38 .15 -.17 .19 -.22 .10
S-8 .13 .09 .14 .21 .05 .11 .16
S-9 .22 -.00 .33 -.03 .44 .13 .48
S-10 .17 .00 .25 .09 .24 .07 .37
S-ll .12 .08 .14 .19 .06 .11 .16
S-12 .17 -.11 .31 -.07 .41 .08 .43
S-13 .16 -.07 .27 .05 .30 .03 .38
S-14 .24 .30 .16 .19 .08 .30 .39
S-15 .28 .26 .21 .20 .22 .33 .45
S-16 .30 .22 .21 .19 .20 .42 .54
S-17 .05 .17 -.04 .20 -.10 .14 -.09
S-18 -.19 -.50 -.17 .07 -.31 .10 -.35
S-19 -.25 -.36 -.23 .05 -.43 -.07 -.45
S-20 .10 .15 .03 .26 -.06. .16 .04
S-21 .15 .26 -.00 .18 .06 .28 .12
S-22 .12 .17 .03 .24 -.00 .18 .12
S-23 .09 .16 .02 .25 -.07 .16 .01
S-24 .09 .11 -.08 .24 -.06 .36 -.01
S-25 .09 .10 -.00 .28 -.06 .18 .07
/r/ >  .40 Significant at 5 percent.
/r/ ̂  .51 Significant at 1 percent.
^Crop-Soil Combinations and Soil-Plant Factors are explained on page 54.
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Table 21. Correlations of selected plant and soil factors with the




Mean 1-1 1-2 2-1 2-2 3-1 3-2
P-2 .32 .15 .23 .69 .87 .71 .54
P-4 -.19 .29 -.24 .10 -.37 -.41 -.50
P-5 .48 .89 .79 .47 .45 .13 .05
P-6 -.22 .18 -.63 .19 -.48 .10 -.49
P-7 .54 .94 .90 .51 .24 .33 .32
P-8 -.31 .22 -.67 .19 -.61 -.38 -.63
P-9 .55 .94 .88 .55 .46 .28 .20
S-2 .37 .02 .45 .05 .43 .52 .76
S-3 .42 -.03 .46 .27 .44 .61 .78
S-4 .43 -.09 .47 .16 .47 .65 .75
S-5 -.13 -.22 -.32 -.19 -.04 .08 -.11
S-6 .10 .11 .34 -.25 .29 -.08 .19
S-7 .10 .13 .34 -.23 .26 -.08 .19
S-8 -.13 -.25 -.43 -.09 -.08 .14 -.07
S-9 .13 -.08 .09 -.27 .48 .20 .38
S-10 .03 -.18 -.25 -.17 .13 .17 .12
S-ll -.13 -.24 -.42 -.10 -.08 .13 -.07
S-12. .13 -.05 .17 -.31 .47 .17 .37
S-13 -.01 -.15 -.19 -.21 .18 .15 .15
S-14 .16 -.13 .12 .33 .04 .24 .37
S-15 .25 -.10 .25 .36 .20 .30 .50
S-16 .25 -.21 .27 .41 .17 .35 .50
S-17 .19 -.25 -.53 .07 -.23 .07 -.31
S-18 .07 -.20 .27 .31 -.22 .11 -.18
S-19 -.11 -.26 .04 .34 -.44 .01 -.37
S-20 -.18 -.20 -.53 -.03 -.18 .12 -.18
S-21 -.08 -.27 -.41 .04 -.04 .24 -.07
S-22 -.15 -.30 -.51 .02 -.15 .18 -.13
S-23 -.19 -.26 -.54 -.04 -.20 .11 -.21
S-24 -.10 -.39 -.41 .16 -.15 .31 -.14
S-25 -.17 -.40 -.54 .09 -.22 .21 -.19
/r/ ^  .40 Significant at 5 percent.
/r/ >  .51 Significant at 1 percent.
*Crop-Soil Combinations and Soil-Plant Factors are explained on page 54.
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when compared with total plant potassium (P3) on the subsurface than on 
the surface soils. This indicated further that the higher concentration 
of calcium and magnesium in the subsurface soils tends to increase the 
uptake of these ions and reduce the uptake of potassium.
It should be pointed out that the various locations from which 
the selected soil samples were taken had been treated differently during 
the past years in relation to fertilization, and therefore, some of the 
soils, no doubt, could supply potassium to the crops more readily than 
others. As was pointed out in the reference review, (72, 109), 
potassium is more active than magnesium and magnesium more active than 
calcium in relation to plant uptake. Even though the magnesium and 
calcium contents of the soil may be high, the extent to which they will 
be absorbed by plants in concentrations sufficient to reduce the potas­
sium uptake is in relation to the availability of potassium to the plant. 
It appears that if the soil potassium supply is somewhat limited the 
competitive effect of high levels of calcium or magnesium is great and 
there may be a significant reduction in potassium uptake. On the other 
hand, with the same amount of soil calcium and magnesium and an abund­
ant supply of potassium, the potassium being more active, may be absorbed 
in sufficient quantities and the calcium and magnesium concentrations 
of the plant may actually be reduced. This was not considered when the 
soil locations were selected and this may account for the fact that 
many of the correlations are low and nonsignificant.
There were significant positive correlations between the total 
plant potassium (P3) when compared with the total plant calcium (P7), 
magnesium (P5), and calcium plus magnesium (P9). Again the positive 
correlations were higher between potassium (P3) and calcium (P7) and 
lower between potassium (P3) and magnesium (P5), indicating again that
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the effect of magnesium on potassium uptake may be greater than that of 
calcium.
Correlations of plant magnesium concentration (P4) and total 
plant magnesium (F5) with various selected plant and soil factors are 
presented in Tables 22 and 23. There tends to be negative correlations 
between plant potassium (P2) and plant magnesium (P4), except in the 
surface soil with red clover as was discussed earlier. When comparing 
the percent plant magnesium (P4) with percent plant calcium (P6), 
there were high positive correlations with red clover in the surface 
soil where there appeared to be bery little, competition between magne­
sium, calcium and potassium, but in other soils and crops there were 
no significant correlations. On the other hand, there were significant 
positive correlations between percent plant magnesium (P4) and the 
percent calacium plus magnesium (P8) of the plant. There were generally 
high negative correlations between soil potassium (S2, S3, S4) and 
percent plant magnesium (P4). These correlations were generally nega­
tive when compared to total plant magnesium (P5), but lower and nonsig­
nificant. Correlations between percent plant magnesium (P4) and percent 
soil potassium saturation (S14, S15, S16) were negative and above the 5 
percent level of significance. Except for the red clover grown on sur­
face soils, there were generally high positive correlations between the 
percent plant magnesium (P4) and soil magnesium saturation (S19) extracted 
by ammonium acetate. The sodium acetate extraction (S18) showed positive 
but lower correlations. As reported in Tables 8 and 10, the mean per­
cent magnesium saturation of the surface and subsurface soils varied 
from 22.5 percent to 83.3 percent, depending on the soil and extracting 
solution used. Jain (60) and Cummings (34) reported that the soils with 
less than 4 percent magnesium saturation showed magnesium deficiency
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Table 22. Correlations of selected plant and soil factors with the




Mean 1-1 1-2 2-1 2-2 3-1 3-2
P-2 -.23 .67 -.55 -.18 -.40 -.56 -.51
P-5 .55 .39 .30 .77 .49 .66 .69
P-6 .14 .70 .10 .06 -.03 -.20 .22
P-8 .63 .81 .46 .70 .55 .53 .77
S-2 -.59 -.33 -.80 -.58 -.76 -.55 -.50
S-3 -.56 -.46 -.66 -.45 -.73 -.59 -.48
S-4 -.56 -.37 -.69 -.44 -.74 -.54 -.56
S-5 -.16 .04 -.32 -.39 -.04 -.29 .06
S-6 .27 .13 .12 .42 .45 .52 -.00
S-7 .29 .22 .08 .45 .43 .56 -.01
S-8 -.28 .03 -.40 -.45 -.32 -.41 -.13
S-9 -.28 .12 -.61 -.39 -.34 -.20 -.29
S-10 -.30 .11 -.57 -.35 -.45 -.26 -.30
S-ll -.26 .03 -.40 -.44 -.28 -.39 -.10
S-12 -.18 .14 -.49 -.26 -.15 -.07 -.25
S-13 -.25 .15 -.55 -.25 -.37 -.15 -.30
S-14 -.44 -.37 -.43 -.37 -.69 -.49 -.26
S-15 -.44 -.40 -.43 -.32 -.70 -.48 -.30
S-16 -.46 -.41 -.42 -.31 -.72 -.51 -.35
S-17 -.16 -.02 -.16 -.44 -.10 -.40 -.15
S-18 .39 -.19 .61 .61 ' .68 . .38 .27
S-19 .50 .02 .66 .70 .75 .52 .36
S-20 -.27 -.03 -.27 -.48 -.31 -.47 -.08
S-21 -.37 -.08 -.37 -.57 -.57 -.53 -.10
S-22 -.32 -.02 -.34 -.47 -.47 -.47 -.18
S-23 -.25 -.02 -.25 -.48 -.28 -.46 -.03
S-24 -.28 -.16 -.20 -.43 -.43 -.47 -.01
S-25 -.26 -.01 -.27 -.37 -.39 -.41 -.14
/r/ >  .40 Significant at 5 percent.
/r/> .51 Significant at 1 percent.
*Crop-soil Combinations and Soil-Plant Factors are explained on page 54.
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Table 23. Correlations of selected plant and soil factors with the




Mean 1-1 1-2 2-1 2-2 3-1 3-2
P-2 -.25 -.04 -.26 -.18 .10 -.45 -.57
P-3 .46 .89 .79 ,47 .45 .13 .05
P-6 -.25 .12 -.52 .04 -.52 -.31 -.28
P-7 .60 .95 .94 .65 .18 .33 .54
P-8 .11 .19 -.38 .53 -.16 .31 .25
P-9 .89 .97 .95 .94 .77 .84 .89
S-2 -.24 -.21 -.08 -.38 -.23 -.23 -.31
S-3 -.21 -.34 .01 -.17 -.22 -.27 -.24
S-4 -.23 -.31 -.00 -.19 -.27 -.25 -.37
S-5 -.25 -.21 -.44 -.46 -.12 -.14 -.15
S-6 .30 .40 .36 .09 .59 .33 .02
S-7 .30 .41 .33 .12 .54 .40 -.02
S-8 -.34 -.27 -.58 -.44 -.34 -.18 -.21
S-9 ’ -.12 -.04 -.20 -.45 .14 .01 -.20
S-10 -.27 -.12 -.50 -.40 -.26 -.02 -.32
S-ll -.33 -.26 -.57 -.45 -.32 -.18 -.21
S-12 -.13 .06 -.07 -.40 -.28 .08 -.17
S-13 -.21 -.04 -.44 -.37 -.16 .06 -.32
S-14 -.29 -.45 -.18 -.04 -.55 -.33 -.17
S-15 -.24 -.43 -.06 -.00 -.43 -.38 -.17
S-16 -.29 -.53 -.05 .05 -.50 -.35 -.35
S-17 -.33 -.32 -.56 -.43 -.30 -.28 -.07
S-18 .30 .01 .48 .57 .42 .13 .19
S-19 .25 -.02 .28 .64 .24 .21 .13
S-20 -.36 -.33 -.60 -.44 -.34 -.28 -.16
S-21 -.38 -.42 -.55 -.39 -.49 -.32 -.10
S-22 -.39 -.37 -.63 -.38 -.51 -.25 -.23
S-23 -.36 -.33 -.60 -.44 -.39 -.28 -.14
S-24 -.33 -.49 -.48 -.24 -.44 -.32 -.04
S-25 -.38 -.41 -.62 -.28 -.50 0.23 -.23
/r/ .40 Significant at 5 percent.
/r/>  .51 Significant at 1 percent.
Crop-Soil Combinations and Soil-Plant Factors are explained on page 54.
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symptoms and Brubacher et al. (26) reported that the Coastal Plains of 
Louisiana responded tomagnesium fertilization if the soil was less than 
10 percent saturated with magnesium and less than 55 ppm was extracted 
with 0.1N HC1. In these tests HC1 extracted an average of 563 ppm 
from the surface soils and 1079 ppm from the subsurface soils. Since 
the magnesium content of the soils is so high the magnesium concentra­
tion in the plant would not be expected to be a straight-line function 
of the soil magnesium concentration.
Correlations of plant calcium concentration (P6) and total plant 
calcium (P7) with various selected plant and soil factors are presented 
in Tables 24 and 25. In Crop 1, Soil 1, (red clover grown on surface 
soils) the correlation between plant calcium concentration (P6) and plant 
potassium concentration (P2) was positive and relatively high, but in 
the subsurface soil, where the calcium content was higher, the correla­
tion was negative; however, the negative correlation was nonsignificant. 
When comparing the percent plant potassium with the percent plant 
magnesium, a high positive correlation was found when plants were grown 
on surface soils and a relatively high significant negative correlation 
when grown on subsurface soils. In the subsurface soils with the same 
crop, a higher negative correlation was found between plant magnesium 
(P4) and potassium (P2) than there was between plant calcium (P6) and 
potassium (P2) or calcium plus magnesium (P8) and potassium (P2). This 
indicates that in these soils, the effect of magnesium on inhibiting 
potassium uptake by plants is greater than that of calcium. When com­
paring the plant calcium (P6) with soil magnesium (S6, S7) there was 
a significant negative correlation for all crops gorwn in the subsurface 
soils. There was also a negative correlation but lower and nonsignifi­
cant in the surface soils when comparing these factors. From the data
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Table 24. Correlations of selected plant and soil factors with the




Mean 1-1 1-2 2-1 2-2 3-1 3-2
P-2 .11 .68 -.23 .29 -.27 .07 .10
P-4 .14 .70 .10 .06 -.03 -.20 .22
P-7 .29 .28 -.44 .70 .45 . 66 .12
P-8 .83 .99 .93 .75 .82 .72 .79
S-2 .01 .15 -.24 . .00 -.16 .23 -.02
S-3 .09 -.07 -.16 -.10 -.12 .04 -.11
S-4 -.09 .01 -.24 -.01 -.25 .07 -.09
S-5 .38 .57 .07 .39 .23 .60 .43
S-6 -.42 -.22 -.61 -.22 -.69 -.24 -.54
S-7 -.38 -.13 -.62 -.18 -.65 -.22 -.46
S-8 .45 .57 .26 .43 .40 .56 .49
S-9 .16 .58 -.09 .31 -.25 .52 -.12
S-10 .35 .59 .16 .42 .16 .50 .29
S-ll .45 .57 .27 .43 .38 .57 .49
S-12 .05 .49 -.25 .24 -.40 .43 -.24
S-13 .28 .55 .05 .38 .04 .44 .21
S-14 .10 -.14 .19 -.05 .32 .00 .27
S-15 -.01 -.20 .09 -.11 .17 -.08 .10
S-16 -.01 -.22 .07 -.06 .11 -.09 .11
S-17 .53 .58 .38 .41 .53 .71 .59
S-18 -.41 -.62 -.42 -.24 -.38 -.50 -.30
S-19 -*32 -.49 -.42 -.22 -.25 -.52 -.01
S-20 .53 .55 .43 .43 .56 .65 .53
S-21 .57 .57 .64 .42 .61 .70 .49
S-22 .56 .58 .51 .48 .59 .64 .54
S-23 .54 .56 .43 .43 .57 .68 .55
S-24 .53 .43 .63 .39 .61 .62 .50
S-25 .55 .54 .49 .49 .59 .60 .56
/r/ >  .40 Significant at 5 percent.
/r/>  .51 Significant at 1 percent.
Crop-Soil Combinations and Soil-Plant Factors are explained on page 54.
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Table 25. Correlations of selected plant and soil factors with the




Mean 1-1 1-2 2-1 2-2 3-1 3-2
P-2 .04 .06 -.12 .05 .04 -.01 -.32
P-3 .54 .94 .90 .51 .24 .33 .32
P-4 .05 .35 .01 .31 -.30 -.14 .09
P-5 .60 .95 .94 .65 .18 .33 .54
P-8 .27 .31 -.41 .71 .21 .48 .13
P-9 .87 1.00 .97 .87 .77 .78 .86
S-2 .12 .02 .19 -.08 .18 .32 .12
S-3 .09 -.17 .28 -.04 .24 .12 .14
S-4 .06 -.14 .26 .03 .03 .15 .03
S-5 .05 -.06 -.42 .01 .08 .57 .14
S-6 -.15 .23 .25 -.23 -.50 -.21 -.42
S-7 -.13 .26 .23 -.18 -.49 -.17 -.39
S-8 .09 -.12 -.52 .09 .22 .60 .28
S-9 .11 .11 -.06 -.01 . .06 .62 -.08
S-10 .10 .00 -.39 .09 .14 .62 .12
S-ll .13 .11 -.52 .08 .21 .60 .27
S-12 .06 .15 .01 -.06 -.09 .53 -.19
S-13 .07 .05 -.34 .06 .05 .58 .05
S-14 .07 -.33 .04 .05 .36 -.03 .32
S-15 .06 -.32 .16 .03 .33 -.07 .25
S-16 .06 -.42 .17 .13 .22 .11 .16
S-17 .09 -.13 -.55 .06 .28 .59 .28
S-18 -.18 -.20 .29 .10 -.46 -.54 -.25
S-19 -.22 -.24 .05 .13 -.54 -.59 -.16
S-20 .11 -.16 -.57 .09 .34 .61 .33
S-21 .19 -.19 -.38 .18 .55 .63 .37
S-22 .13 -.19 -.53 .19 .37 .63 .31
S-23 .13 -.15 -.58 .18 .33 .61 .33
S-24 .16 -.29 -.36 .24 .49 .53 .36
S-25 .10 -.26 -.56 .24 .31 .58 .30
/r/ .40 Significant at 5 percent.
/r/ >  .51 Significant at 1 percent.
^Crop-Soil Combinations and Soil-Plant Factors are explained on page 54.
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presented in Table 22, there were negative correlations (except.in the 
red clover grown on surface soils) between plant magnesium (P4) and 
soil calcium (S9, S10). But the correlations were generally lower than 
the correlations between plant calcium (P6) and soil magnesium (S6, S7). 
This indicates that the magnesium concentration in the soil inhibited 
calcium uptake by plants more than the soil calcium concentration 
inhibited magnesium uptake. In the reference review it was pointed out 
that potassium was more active than magnesium and magnesium more active 
than calcium, and their rate of uptake would be in relation to their 
activity and concentrations. In the Red River flood plain soils it 
appears that the influence of magnesium on potassium uptake is greater 
than that of calcium, even though the calcium content is approximately 
two to five times greater than the magnesium content.
SUMMARY AMD CONCLUSIONS
Twenty-five surface soil samples (0-6" depth) and 25 subsurface 
soil samples (6-12" depth) were selected from as many locations in the 
Red River flood plain in Louisiana. One crop of red clover and two 
crops of sorghum were grown in the greenhouse on these soils'. Thirty- 
three soil factors and thirteen plant factors were determined and 
correlations were made between and among these factors. Hydrochloric 
acid, sodium acetate and ammonium acetate were evaluated as extracting 
solutions.
Forty-five percent more soil potassium was extracted by O.lN 
HC1 than by N NaAc or N NH^Ac. The HC1 extracted 172 percent more 
magnesium and 111 percent more calcium than the NaAc. The NH^Ac 
extracted 13 percent more magnesium and 14 percent more calcium than 
the NaAc. NaAc and NH^Ac appeared to be more reliable than HCl for ex­
tracting these bases.
There were no significant differences among the three extract­
ing solutions when soil potassium was correlated with plant uptake of 
potassium. There was a stronger association between plant potassium and 
soil potassium when soil potassium was expressed as ppm than when it was 
expressed as percent saturation.,,
Partial correlations of soil magnesium and calcium with plant 
potassium while soil potassium was held constant were generally nonsig­
nificant. There were negative correlations between plant potassium and 
plant magnesium for all crops and soils except the red clover grown on 
the surface soils. In this case there was a significant positive
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correlation. Calcium and magnesium had little effect on potassium 
absorption unless the soils were very high in calcium and magnesium andt
relatively low in potassium. The.effect of magnesium on potassium up­
take by plants was greater than that of calcium. There was a negative 
correlation between the concentration of potassium and magnesium in the . 
plant material of both crops of sorghum and the crop of red clover 
grown on subsurface soils. This may indicate competition between these 
bases for plant absorption.
In most cases negative correlations were found between percent 
plant potassium and the percent soil magnesium saturation. There were 
no significant correlations between plant potassium and soil calcium.
The effects of calcium and magnesium on the uptake of potassium 
were generally insignificant in these tests; however, there were some 
significant reductions in plant potassium uptake as the calcium and 
magnesium contents of the soil increased. The effect of increased 
soil magnesium on reducing plant potassium was especially more notice­
able than the effect of increased soil calcium. The reverse effect was 
generally the case, that is, magnesium uptake by plants was inhibited 
by increased soil potassium. The mean correlation between plant magne­
sium expressed as percent and soil potassium expressed as ppm, for all 
crops, soils and extracting solutions was -.568. This same correla­
tion with plant calcium was .002. It appears from these tests that 
calcium and potassium have little effect on the absorption of each 
other, while the competition between magnesium and potassium for plant 
uptake is much greater.
APPENDIX
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Crop, Soil and Plane Factors used in these studies*
Crops. 1. Red Clover, 2. Sorghum, first harvest, 3. Sorghum, second 
harvest. Soils. 1. Surface (0-6" depth), 2. Subsurface (6-12" depth)
PI. Plant dry weight, (g).
P2. Potassium content of plant (%).
P3. Potassium content of plant (total, mg).
P4. Magnesium content of plant (%).
P5. Magnesium content of plant (total, mg).
P6. Calcium content of plant (%).
P7. Calcium content of plant (total, mg).
P8. Calcium plus magnesium content of plant (%).
P9. Calcium plus magnesium content of plant (total, mg).
P10. Phosphorus content of plant (%).
Pll. Phosphorus content of plant (total, mg).
P12. Nitrogen content of plant (%).
P13. Nitrogen content of plant (total, mg).
51. Soil pH. ‘
52. Soil K, ppm (HC1 extraction).
53. Soil K, ppm (NaAc extraction).
54. Soil K, ppm (NH/jAc extraction).
55. Soil Mg, ppm (HC1 extraction).
56. Soil Mg, ppm (NaAc extraction).
57. Soil Mg, ppm (NH^Ac extraction).
58. Soil Ca, ppm (HC1 extraction).
59. Soil Ca, ppm (NaAc extraction).
510. Soil Ca, ppm (NHaAc extraction).
511. Soil Ca + Mg, ppm (HCl extraction). '
512. Soil Ca + Mg, ppm (NaAc extraction).
513. Soil Ca + Mg, ppm (NHaA c extraction).
514. Soil K, % saturation (HCl extraction). r
515. Soil K, %. saturation (NaAc extraction).
516. Soil K, 7, saturation (NH^Ac extraction).
517. Soil Mg, % saturation (HCl extraction).
518. Soil Mg, 7, saturation (NaAc extraction).
519. Soil Mg, 7. saturation (NH Ac^extraction).
520. Soil Ca, % saturation (HCl extraction).
521. Soil Ca, .% saturation (NaAc extraction).
522. Soil Ca, % saturation (NH^Ac extraction)
523. Soil Ca + Mg, % saturation (HCl extraction).
524. Soil Ca + Mg, % saturation (NaAc extraction).
525. Soil Ca + Mg, %. saturation (NH^Ac extraction).
526. Soil N (Kjeldahl) %.
527. Soil organic matter (Walkley, Black).
528. Soil organic matter (Kjeldahl N x 20).
529. Soil exchangeable H (M.E.)
530. Soil H, % saturation.
531. Soil CaC(>3, content (%).
532. Soil P (ppm).
533. Soil Cation exchange capacity. (Meq).
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Table 26. Mechanical analysis of the profile of selected surface soils,
percent sand, silt and clay respectively of each six-inch depth
Number]”1 0-6" 6-12" 12-18" 18-24" 24-30" 30-36"
1 71.2 68.9 71.9 82.7 89.2 87.0
22.3 19.1 22.4 14.3 9.8 11.8
6.5 12.0 5.7 3.0 1.0 1.2
2 78.7 67.0 75.8 75.0 70.2 74.0
17.3 23.0 21.1 22.5 23.0 22.2
4.0 10.0 3.1. 2.5 6.8 3.8
3 76.0 73.0 70.1 72.0 73.0 73.6
20.0 21.8 19.9 20.2 20.0 20.4
4.0 5.2 10.0 7.8 7.0 6.0
4 72.9 76.0 72.0 71.3 73.5 67.9
23.1 19.8 26.0 23.4 23.4 24.1
4.0 4.2 2.0 5.3 3.1 8.0
5 77.5 74.8 74.2 92.2 76.2 72.7
18.5 19.4 21.6 6.1 20.3 22.5
4.0 5.8 4.2 1.7 3.5 4.8
6 73.8 71.9 72.0 76.8 72.5 69.0
22.0 21.6 26.6 21.6 24.8 27.0
4.0 6.5 1.4 1.6 2.7 4.0
7 96.5 95.0 88.7 86.5 69.1 65.9
1.0 3.6 6.3 7.0 13.9 13.0
2.5 1.4 5.0 6.5 17.0 21.1
8 80.0 78.4 74.0 83.4 91.3 93.6
17.0 17.6 21.5 12.6 7.0 5.3
3.0 4.0 4.5 4.0 1.7 1.1
9. 71.1 68.9 65.9 64.2 64.5 63.0
24.9 26.1 28.8 26.8 23.7 19.2
4.0 5.0 5.3 9.0 11.8 17.8
10 75.5 71.8 72.0 80.2 76.5 75.5
20.5 21.4 21.9 14.2 20.5 21.4
4.0 6.8 6.1 5.6 3.0 3.1
11 74.0 73.8 67.0 66.3 66.6 68.6
21.7 22.2 25.5 23.5 24.4 26.3
4.3 4.0 9.5 10.2 9.0 5.1




Number 0-6" 6-12" 12-18" 18-24" • 24-30" 30-36"
12 74.0 81.5 70.0 69.1 70.6 70.0
19.5 ■ 15.3 27.6 19.8 21.4 23.9
6.5 3.2 214 11.1 8.0 . 6.1
13 77.9 81.0 77.2 68.3 67.4 68.8
18.1 15.8 17.8 11.3 17.1 16.1
4.0 3.2 10.0 20.4 15.5 15.1
14 81.1 80.0 71.7 69.3 70.1 76.3
14.7 14.6 19.3 24.6 23.9 21.2
4.2 5.4 9.0 6.1 6.0 2.5
15 85.0 94.0 96.0 97.0 95.1 95.5
11.0 5.8 3.9 2.9 4.8 4.4
4.0 0.2 0.1 ‘ 0.1 0.1 0.1
16 69.9 70.0 80.0 68.0 69.8 71.3
23.1 25.2 16.9 26.6 29.7 28.3
7.0 .4.8 1.1 5.4 0.5 0.4
17 72.8 74.7 71.0 75.5 68.0 73.0
22.7 21.3 26.0 18.0 12.0 20.1
4.5 4.0 3.0 6.5 20.0 6.9
18 70.0 67.7 68.6 68.6 71.7 83.0
23.0 21.2 22.3 23.3 21.8 15.0
7.0 11.1 9.0 8.1 6.5 2.0
19 74.0 72.0 71.8 68.7 70.8 86.8
19.5 22.5 22.2 23.4 24.7 10.2.
6.5 5.5 6.0 7.9 4.5 3.0
20 75;0 76.0 72.7 76.2 65.7 66.2
23.9 21.0 21.3 21.8 29.3 26.7
3.1 3.0 6.0 3.0 5.0 7.1
21 67.7 69.0 . 71.0 73.5 71.0 70.2
24.7 22.7 21.4 22.3 26.2 26.8
7.6 8.3 7.6 4.2 2.8 3.0
22 67.8 68.2 67.2 69.0 69.0 68.0
22.0 22.5 23.3 23.0 23.8 25.5
10.2 9.3 9.5 8.0 7.2 6.5
23 68.1 68.0 69.6 67.8 66.7 67.8
26.8 25.4 24.5 26.0 23.0 19.7




Number 0-6" 6-12" 12-18" 18-24" 24-30" 30-36"
24 68.8 67.9 70.3 70.9 80.2 72.3
23.6 23.5 23.3 22.7 15.5 24.2
7.6 8.5 6.4 6.4 4.1 3.5
25 67.7 70.0 69.0 68.8 69.2 80.1
25.3 24.6 25.0 26.1 25.7 16.4
7.0 5.4 6.0 5.1 5.1 3.5
92
Table 27. Mechanical analysis of the profile of selected subsurface
soils. Percent sand, silt and clay respectively In each six- 
inch depth.
Number^11 °~6" 6-12" 12-18" 18-24" 24-30" 30-36"
1 71.2 68.9 71.9 82.7 89.2 87.0
22.3 19.1 22.4 14.3 9.8 11.8
6.5 12.0 5.7 3.0 1.0 1.2
2 78.7 67.0 . 75.8 75.0 70.2 74.0
17.3 23.0 21.1 22.5 23.0 22.2
4.0 10.0 3.1 2.5 6.8 3.8
3 68.3 68.0 70.2 73.3 70.5 69.0
19.7 18.9 21.6 21.7 26.1 27.7
12.0 13.1 8.2 5.0 3.4 3.3
4 67.0 66.0 65.1 67.3 66.9 70.4
24.0 17.3 17.1 20.9 20.7 17.7
9.0 16.7 17.8 11.8 12.4 11.9
5 72.9 76.0 72.0 71.3 73.5 67.9
23.1 19.8 26.0 23.4 23.4 24.1
4.0 4.2 2.0 5.3 3.1 8.0
6 ' 77.5 74.8 74.2 92.2 76.2 72.7
18.5 19.4 21.6 6.1 20.3 22.5
4.0 5.8 4.2 1.7 3.5 4.8
7 73.8 71.9 72.0 76.8 72.5 69.0
22.2 21.6 26.6 21.6 24.8 27.0
4.0 6.5 1.4 1.6 2.7 4.0
8 70.8 69.8 85.0 88.2 81.0 86.0
26.7 24.1 12.6 11.0 17.8 13.9
2.5 6.1 2.4 0.8 1.2 0.1
9 85.0 84.6 76.0 83.9 67.0 67.3
13.2 11.3 9.6 11.5 20.2 18.3
1.8 4.1 1.8 4.6 12.8 14.4
10 73.8 77.8 70.0 81.3 85.0 83.0
22.9 16.5 26.6 16.7 13.7 15.7
3.3 5.7 3.4 2.0 1.3 1.3
11 71.1 68.9 65.9 64.2 64.5 63.0
24.9 26.1 28.8 26.8 23.7 19.2
4.0 5.0 5.3 9.0 11.8 17.8




Number 0-6" 6-12" 12-18" 18-24" 24-30" 30-36"
12 73.9 75.8 79.0 77.6 84.0 74.0
23.0 20.2 18.9 18.9 13.0 23.5
3.1 4.0 2.1 3.5 3.0 2.5
13 75.5 71.8 72.0 80.2 76.5 75.5
20.5 21.4 21.9 14.2 20.5 21.4
4.0 6.8 6.1 5.6 3.0 3.1
14 74.0 73.8 67.0 66.3 66.6 68.6
21.7 22.2 25.5 23.5 24.4 26.3
4.3 4.0 7.5 10.2 9.0 5.1
15 69.5 67.8 67.0 66.2 65.1 66.9
27.0 27.2 . 20.8 14.3 29.4 23.1
3.5 5.0 12.2 9.5 5.5 10.0
16 81.1 80.0 71.7 69.3 70.1 76.3
14.7 14.6 19.3 24.6 23.9 21.2
4.2 5.4 9.0 6.1 6.0 2.5
17 73.5 72.3 68.1 74.0 81.0 76.0
24.6 22.7 27.6 22.0 16.4 10.9
1.9 5.0 4.3 4.0 2.6 3.1
18 69.9 70.0 82.0 68.0 69.8 71.3
23.1 25.2 16.9 26.6 29.7 28.3
7.0 4.8 1.1 5.4 0.5 0.4
19 88.0 94.9 99.2 98.6 96.4 89.8
7.5 1.0 0.3 • 0.9 3.1 9.7
4.5 4.1 0.5 0.5 0.5 0.5
20 72.8 74.7 71.0 75.5 68.0 73.0
22.7 21.3 26.0 18.0 12.0 20.1
4.5 4.0 3.0 6.5 20.0 6.9
21 67.1 67.0 67.5 66.8 65.5 65.5
23.8 23.9 26.4 24.4 13.9 11.4
9.1 9.1 5.1 8.8 20.6 23.1
22 68.4 66.2 67.0 69.9 67.9 68.8
27.4 24.7 22.0 26.7 22.3 28.1
4.2 9.1 11.0 3.4 3.8 3.1
23 70.0 67.7 68.6 68.6 71.7 83.0
23.0 21.2 22.3 23.3 21.8 15.0




Number 0-6" 6-12” 12-18” 18-24” 24-30” 30-36”
24 68.1 66.7 67.0 69.0 66.8 75.0
31.5 30.3 25.5 24.3 27.8 21.7
0.4 7.0 10.5 6.7 5.4 3.3
25 75.0 76.0 72.7 76.2 65.7 66.2
23.9 21.0 21.3 21.8 29.3 26.7
3.1 3.0 6.0 2.0 5.0 7.1
Table 28. Chemical properties of surface soils
Location
Number S1 s2 s3 S4 S5 S6 S7 s8 s9 s10 S11
1 7.6 135 68 102 860 312 385 2440 1555 1482 3308
2 7.3 • 145 109 118 327 352 290 880 850 749 1207
3 7.1 115 77 101 264 241 298 920 1052 1016 1184
4 7.6 145 101 . 109 817 155 185 2900 1537 1567 3717
5 7.3 140 109 116 373 284 342 920 922 854 1293
6 7.6 215 159 174 744 171 190 3180 1701 1536 3924
7 6.1 135 108 93 79 71 78 420 544 446 499
8 5.8 105 70 81 124 215 235 450 542 . 471 664
9 7.6 130 75 84 1434 229 170 8400 1986 3013 9834
10 7.3 130 94 108 396 256 313 1240 1138 1085 1636
11 7.7 145 102 101 878 135 164 3730 1520 1702 4608
12 7.7 170 109 124 1424 269 312 5600 2088 2651 7024
13 7.6 120 78 83 858 116 144 3130 1293 1414 3938
14 6.2 125 96 99 213 208 233 600 673 622 813
15 6.0 130 100 94 202 199 207 600 725 569 802
16 7.7 145 78 115 909 266 356 4400 2207 2694 5309
17 7.6 145 115 106 777 200 248 2280 1330 1320 3057
18 6.5 120 67 86 475 416 481 1280 1176 1328 1755
19 7.4 150 112 126 432 368 415 1240 1272 1164 1672
20 6.0 125 96 90 167 152 174 640 566 490 807
21 5.2 130 73 92 371 350 375 1120 1360 1218 1491
22 5.5 130 72 95 572 555 599 1320 1648 1442 1892
23 6.7 105 48 68 362 329 363 880 1113 974 1242
24 6.3 125 77 89 544 496 566 920 1173 1045 1464
25 5.5 120 62 73 377 355 392 880 1118 984 1257
^Soil factors are explained on page 88.




Number S12 S13 S14 S15 S16 S17 S18 S19 S20 S21
1 1867 1867 3.0 1.5 2.3 62.3 9.6 27.9 97.4 67.6
2 1202 1039 4.7 3.5 3.8 24.0 37.1 30.6 55.7 53.8
3 1293 1314 3.5 2.4 3.4 26.2 23.9 29.6 54.8 62.6
4 1692 1752 4.5 3.3 3.0 83.0 15.8 18.8 176.8 93.7
5 1206 . 1196 4.5 3.5 3.8 39.4 30.0 36.1 58.2 58.4
6 1872 1726 6.0 4.5 4.9 68.1 15.7 17.4 174.7 93.5
7 615 524 7.2 5.8 5.0 13.7 12.3 13.5 43.8 56.7
8 757 706 4.9 3.3 3.8 32.4 .32.5 35.3 40.9 49.3
9 2215 3183 3.6 2.1 2.3 129.9 20.6 15.4 456.5 107.9
10 1394 1398 4.1 3.0 3.4 40.7 26.3 32.2 76.5 70.3
11 1655 1866 5.0 3.5 3.5 98.9 15.2 18.5 252.0 102.7
12 2357 2963 3.6 2.3 2.7 98.9 18.7 21.7 233.3 87.0
13 1409 1558 4.6 3.0 . 3.2 106.7 14.4 17.9 233.6 96.5
14 881 855 4.7 3.6 3.7 25.7 25.1 28.1 43.5 48.8
15 924 776 4.9 3.8 3.5 24.8 24.4 25.4 44.1 53.3
16 2473 3050 2.8 1.5 2.3 57.8 16.9 22.7 167.9 84.2
17 1530 1568 4.8 3.8 3.5 83.0 21.4 26.5 146.2 85.3
18 1592 1809 2.2 1.2 1.6 27.7 24.2 28.0 44.8 41.1
19 1640 1579 3.5 2.6 3.0 33.0 28.1 31.7 56.9 58.4
20 718 664 6.4 4.7 4.4 26.8 24.4 27.9 61.5 54.4
21 1710 1593 2.3 1.3 1.6 20.9 19.7 21.1 38.0 45.9
22 2203 2043 1.6 .9 1.2 22.7 22.0 23.8 31.4 39.2
23 1442 1337 2.7 1.2 1.7 30.2 27.4 30.3 44.0 55.7
24 1671 1611 2.4 1.5 1.7 34.1 31.1 35.5 34.6 44.1




Number S22 s23 s24 S25 S26 ' S27 S28 S29 S30 S31' s32 S33
1 64.4 159.7 77.2 92.3 .06 .21 1.14 .49 4.24 4.99 163 11.5
2 47.4 79.7 90.9 78.0 .04 .05 .76 .49 6.18 7.47 168 7.9
3 60.5 81.0 86.5 90.1 .10 .18 2.04 .73 8.71 3.81 139 8.4
4 95.6 259.9 109.5 114.4 .06 .31 1.14 .00 .00 4.83 147 8.2
5 54.1 97.6 88.4 90.1 .05 .18 1.04 .48 6.18 3.92 168 7.9
6 84.4 242.9 109.2 101.8 .06 .47 1.26 • 24./ 2.68 4.69 205 1 9.1
7 66.5 57.5 69.0 60.0 .06 .47 1.20 ..98 20.33 3.39 56 4.8
8 42.8 73.3 81.9 7804 .05 .47 .92 1.46 26.61 4.24 112. 5.5
9 163.8 586.4 128.6 179.2 .05 .21 .98 .00 ; .00 6.05 124 9.2
10 67.0 117.3 96.6 99.2 .06 .73 1.20 .00 .00 3.83 178 8.1
11 115.0 350.9 117.9 133.5 .05 .47 .96 .00 ' .00 5.15 133 7.4
12 110.5 332.2 105.7 132.2 .05 .18 1.06 .00 .00 5.55 149 12.0
13 105.5 340.3 110.9 123.4 .05 .47 1.06 .24 3.64 5.04 117 6.7
14 45.1 69.2 73.9 73.2 .06 .47 1.14 2.44 35.36 3.57 121 6.9
15 41.8 69.8 77.7 67.2 .05 .42 .92 1.95 28.70 3.66 132 6.8
16 102.8 255.8 101.1 125.5 .06 .49 1.24 .49 3.72 5.42 150 13.1
17 84.6 229.2 106.7 111.1 .06 .47 1.12 .49 6.26 4.59 168 7.8
18 46.4 72.4 65.3 74.4 .11 1.07 2.22 .43 23.97 3.58 59 14.3
19 53.4 89.9 86.5 85.1 .05 .47 .98 1.46 13.43 4.87 162 10.9
20 47.1 88.3 78.8 75.0 .05 .18 .98 1.46 28.15 4.43 135 5.2
21 41.2 58.9 65.6 62.3 .09 1.07 1.82 5.88 46.46 3.70 58 14.8
22 34.3 54.1 61.2 58.1 .09 .81 1.84 6.86 32.65 3.70 46 21.0
23 48.1 74.2 83.1 79.0 .06 .62 1.28 2.44 24.45 3.52 56 10.0
24 39.3 68.7 75.2 74.8 .06 .52 1.28 3.43 25.77 3.70 44 13.3
25 42.4 65.0 73.7 70.6 .07 .75 1.40 3.43 29.55 3.55 55 11.6*
VO
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Table 29. Chemical properties of selected subsurface soils.
Location
Number S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
1 7.5 130 116 81 1146 499 523 3630 2584 2344 4776 3083
2 6.3 150 119 82 493 473 484 1560 1855 1616 2053 2328
3 7.5 135 106 87 1320 735 770 3000 2153 1994 4320 2888
4 7.6 220 143 . 164 1626 513 610 7000 3376 4086 8626 3889
5 7.6 115 79 50 1337 185 209 6400 1900 2540 7737 2085
6 7.6 125 92 70 1042 399 468 2540 1350 1375 3582 1749
7 7.6 135 86 70 1575 248 307 6400 2259 3287 7975 2507
8 7.6 115 70 51 1203 312 369 4400 1904 2279 5603 2216
9 7.4 285 345 197 323 126 145 3230 1737 2147 3553 1863
10 7.5 105 79 38 914 350 406 2320 1295 1361 3234 1645
11 7.8 120 66 45 2169 180 219 15600 2063 4275 17769 2243
12 7.6 130 85 69 1315 190 236 7400 1899 3120 8715 2089
13 7.5 125 92 72 1081 439 482 3280 2023 2207 4361 2462
14 7.6 120 106 65 1170 180 220 5200 1769 2520 6370 1849
15 7.6 130 92 54 1198 203 234 4800 2107 2159 5998 2310
16 6.3 95 77 61 395 364 393 1120 1366 1193 1515 1730
17 7.6 160 178 114 836 118 151 3180 1594 1596 4016 1512
18 7.6 126 101 68 826 227 254 3480 1960 2017 4306 2187
19 7.0 60 40 29 176 158 170 640 759 689 816 917
20 7.7 100 68 44 1790 247 295 8400 1982 3561 10190 2229
21 7.7 185 138 125 2236 406 496 10400 2794 4214 12636 3200
22 7.3 145 130 89 651 457 558 2080 2060 1956 2731 2517
23 6.4 105 75 44 730 680 635 1770 2073 1798 2500 2753
24 7.4 130 85 65 2446 438 542 7000 2016 2412 9446 2454
25 7.1 95 68 59 478 249 • 298 1360 981 973 1838 1230
^Soil factors are explained on page 88.




Number S13 S 14 S15 S16 S17 S18 S19 S20 S21 S22
1 2967 1.7 1.5 ' 1.1 48.5 21.1 22.1 92.1 65.6 59.5
2 2100 2.4 1.9 1.3 ' 25.2 24.2 24.7 47.9 65.9 49.6
3 2764 1.7 1.3 1.1 54.2 30.2 31.6 73.9 53.0 49.1
4 4696 2.4 1.6 1.8 58.2 18.4 21.8 ' 150.2 72.5 87.7
5 2749 3.5 2.4 1.5 131.1 18.1 20.5 376.5 111.8 149.4
6 1843 3.2 2.4 1.8 86.8 33.3 39.0 127.5 67.5 68.8
7 3594 3.1 2.0 1.6 117.2 18.5 22.8 285.7 100.9 146.7
8 2648 2.7 1.7 1.2 92.8 24.1 28.5 203.7 88.2 105.5
9 2292 8.6 9.9 5.9 31.7 12.4 14.2 190.0 102.2 126.3
10 1767 2.8 2.1 1.0 78.5 30.1 34.9 119.6 66.8 70.2
11 4494 3.3 1.8 1.2 194.4 16.1 19.6 838.7 110.9 229.8
12 3356 3.6 2.4 1.9 119.1 17.2 21.4 402.2 103.2 169.6
13 2689 2.2 1.6 1.3 61.7 25.1 27.4 112.3 69.3 75.6
14 2740 3.6 3.2 1.1 114.7 17.7 21.6 305.9 104.1 148.2
15 2393 2.9 2.0 1.2 89.1 14.6 16.8 206.9 90.8 93.1
16 1586 2.2 1.8 1.4 29.4 27.1 29.2 50.0 61.0 53.3
17 1747 6.0 6.7 4.3 102.5 14.5 18.5 233.8 109.9 117.4
18 2271 3.2 2.6 1.8 69.5 19.1 21.4 175.8 99.0 101.9
19 859 3.3 2.2 1.6 31.2 28.0 30.1 68.1 80.1 73.3
20 3856 2.8 1.9 1.2 162.1 22.4 26.7 456.5 107.7 193.5
2.1 4710 2.7 2.1 1.9 107.7 19.6 23.9 300.6 80.7 121.8
22 2514 2.3 2.0 1.4 33.1 42.3 28.4 63.4 62.8 59.6
23 2433 1.3 .9 .5 29.2 27.2 25.4 42.5 49.8 43.2
24 2954 2.6 1.7 1.3 156.8 28.1 34.7 269.2 77.5 92.8




Number S23 S24 S25 S26 S27
00CM
00
S29 S30 S31 S32 S33
1 140.6 86.7 81.6 .05 .21 1.00 1.46 7.43 5.33 161 19.7
2 73.1 90.1 74.3 .07 .05 1.40 1.95 11.97 4.27 127 16.3
3 128.1 83.2 80.7 .06 .18 1.14 1.95 9.61 5.31 183 20.3
4 208.4 90.9 109.5 .07 .31 1.38 .98 4.19 5.92 197 23.3
5 507.6 129.9 169.9 .04 .18 .72 .49 5.74 5.83 132 8.5
6 214.3 100.8 107.8 .04 .47 .76 .49 4.88 4.58 149 10.0
7 402’. 9 119.4 169.5 .05 .47 .96 .49 4.36 5.99 229 11.2
8 296.5 112.7 134.0 .07 .47 1.38 .00 .00 5.05 146 10.8
9 221.7 114.6 140.5 .05 .21 1.00 .24 2.87 4.49 440 8.5
10 198.1 96.9 105.1 .03 .73 .54 .49 5.03 4.63 125 9.7 .
11 1033.1 127.0 249.4 .02 .47 .40 .00 .00 6.09 90 9.3
12 521.3 120.4 191.0 .04 .18 .72 .00 .00 6.03 264 9.2
13 174.0 94.4 103.0 .06 .47 1.14 .98 6.68 4.62 146 14.6
14 420.6 121.8 169.7 .04 .47 .72 .00 .00 5.28 129 8.5
15 296.0 105.4 109.9 .06 .42 1.28 .00 .00 5.57 174 11.6
16 79.4 88.1 82.5 .06 .49 1.14 1.95 17.43 3.84 79 11.2
17 336.3 124.4 135.9 .06 .47 1.28 .00 .00 4.77 137 6.8
18 245.3 118.1 123.3 .07 1.07 1.34 .00 .00 4.98 155 9.9
19 99.3 108.1 103.4 .03 .47 .56 .00 .00 3.50 87 4.7
20 618.6 130.1 220.2 .04 .18 .76 .00 .00 6.08 122 9.2
21 408.3 100.4 145.7 .07 1.07 1.42 .49 2.82 6.08 195 17.3
22 96.5 104.4 88.0 .08 .81 1.66 .98 5.95 4.07 176 16.4
23 71.7 77.0 68.6 .09 .62 1.77 5.39 48.97 4.01 19 20.8
24 426.0 105.6 127.. 5 .05 .52 1.00 .24 1.88 5.91 176 13.0
25 156.3 101.2 106.5 .03 .75 .58 .49 7.07 3.95 160 6.9
100
Table 30. Values for plant material, crop 1, soil 1*
Location^ P - l P-2 P-3 P-4 P-5 P-6 P-7 P -8 , P-9 P-10 P - l l  . P-12 P-13
1
O
3 .7 2 .76 102 .65 23 2.22 82 2.87 105 .251 9 1.45 53
L
3 .6 3 .2 0 19 .74 4 1.75 10 2.49 14 .252 2 2.09 13
4 ' 7 .8 3 .6 0 203 .49 38 2.35 183 2 .84 221 .125 10 1.47 115
5
6 12 .8 2 .99 383 .46 59 2 .11 269 2.57 328 .235 30 1.81 232
7 10.3 3 .08 317 .41 42 1.49 154 1.90 196 .280 29 1.75 180
8 3 .5 2 .9 0 102 .61 21 1.29 45 1 .90 66 .268 9 1.78 62
9 2 .9 2.47 72 .62 18 2 .7 0 78 3 .32 96 .138 4 1 .50 44
10 3 .6 2 .53 91 .67 24 2.35 85 3 .02 129 .275 10 1 .24 45
11 6 .0 2.63 158 ' .53 32 2 .3 4  .. 140 2.87 172 .188 11 1.66 100
12 3 .4 2.28 78 .50 17 2 .28 78 2 .78 95 .120 4 1.37 47
13 10.5 2 .37 249 .47 49 2.32 243 2.78 292 .122 13 1.65 173
14 17.9 2 .46 442 .58 105 1.62 290 2 .20 395 .273 49 2.11 378
15 15.1 2 .66 402 .53 81 1 .64 248 2.18 329 .296 45 1 .80 273
16 6 .9 1.95 135 .56 38 2 .38 164 2 .94 202 .118 8 .93 64
17 9 .3 2 .62 244 .61 57 2.25 209 2 .86 266 .179 17 1.28 119
18 24 .3 1.88 457 .71 173 1.82 443 2 .54 616 .225 55 1.70 413
19 8 .7 2 .62 228 .66 57 2 .35 204 3 .01 261 .242 21 1 .40 122
20 .6 3 .63 22 .66 4 1.67 10 2.33 14 .301 2 1.65 10
21 19 .0 2 .11 401 .63 119 1.68 320 2.31 439 .237 45 1.25 238
22 16.7 1.91 319 .53 89 1.59 265 2.12 354 .170 28 .90 150
23 19.7 1 .80 355 .67 132 1 .70 335 2.37 467 .228 45 1.93 380
24 9 .7 2.27 220 .71 71 1.62 157 2.32 228 .233 23 1 .66 161
25 10.7 2 .14 229 .70 75 1.92 205 2.62 280 .208 22 1 .40 150
^Crop-soil combination and plant factors are explained on page 88.
Locations are tiven in Table 1.
o
Table 31. Values for plant material crop 1, soil 2^
ition̂ P-l P-2 P-3 P-4 P-5 P-6
1 4.5 2.37 105 .55 25 2.62
2 12.2 2.33 284 .56 68 2.23
3 3.5 2.37 83 .61 21 2.28
4 10.0 2.44 243 .44 44 2.23
5 3.7 2.03 75 .52 19 2.57
6 5.5 1.16 119 .71 39 2.40
7 7.1 1.83 130 .54 38 2.67
8 4.5 1.82 82 .62 28 2.38
9 10.3 2.39 246 .38 39 2.24
10 5.5 3.01 166 .64 35 2.19
11 1.5 2.04 31 .58 9 2.67
12 3.9 2.22 87 .55 21 2.49
13 6.7 1.80 120 .66 44 2.45
14 6.3 1.97 124 .51 32 2.45
15 3.8 1.77 68 .55 21 2.74
16 10.4 1.52 158 .75 78 2.25
17 8.0 2.24 179 .60 48 2.76
18 8.0 1.90 152 .62 50 2.53
19 7.9 1.35 107 .74 58 2.72
20 2.4 1.79 43 .65 16 2.71
21 4.9 2.37 116 .50 24 2.24
22 12.3 2.19 269 .61 76 2.36
23 14.9 1.61 240 .63 93 2.00
24 13.3 1.85 245 .56 74 2.09
25 6.4 2.07 132 .64 41 2.23
P-7 P-8 P-9 P-10 P-ll P-12 P-l:
118 3.18 143 .081 4 1.29 58
272 2.79 340 .139 17 1.23 150
80 2.88 101 .084 3 1.44 50
223 2.67 267 .077 8 1.21 121
95 3.09 114 .093 3 1.12 41
132 3.12 171 .087 5 1.31 72
190 3.21 128 .084 6 1.18 84
107 3.00 135 .076 3 1.07 48
223 2.61 270 .245 25 1.12 115
121 2.83 156 .072 4 1.17 64
40 3.25 49 .067 1 1.12 17
97 3.07 118 .180 7 1.25 49
167 3.12 208 .115 8 1.02 68
154 2.96 186 .084 5 1.15 72
104 3.29 125 .072 3 .99 38
234 3.00 312 .120 12 1.36 141
220 3.29 268 .148 12 .89 71
202 3.15 252 .108 9 1.05 84
215 3.46 273 .083 7 1.11 88
65 3.36 81 .083 2 1.00 24
110 2.74 134 .189 9 1.51 74
290 2.98 366 .099 12 1.14 140
297 2.62 390 .105 16 1.47 219
277 2.64 351 .071 9 1.46 194
143 2.87 184 .125 8 1.22 78
^Crop-soil combinations and plant factors are explained on page 88.
^Locations are given in Table 2
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Table 32. Values for plant material from crop 2, soil 1^
jtion^ Replication p-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-11
1 1 4.6 1.18 54 .39 18 .37 17 .76 35 .300 14
2 4.1 1.39 57 .40 17 .36 15 .76 32 .460 19
3 o 3.8 1.40 53 .43 16 .30 11 .73 27 .315 12
4 3.4 1.10 37 .47 16 .36 12 .83 28 .485 16
2 1 2.8 1.18 33 .51 14 .28 8 .79 22 .410 11
2 6.1 1.16 70 .44 27 .29 18 .73 45 .220 13
3 6.7 1.23 82 .44 29 .28 19 .72 48 .190 13
4 6.2 1.01 62 .43 27 .28 17 .71 44 .185 11
3 1 6.5 1.11 72 .47 31 .39 25 .86 56 .245 16
2 5.3 1.25 66 .51 27 .37 20 .88 47 .440 23
3 5.1 1.33 68 .49 25 .37 19 .86 44 .400 20
4 5.3 1.25 66 .46 24 .42 22 .88 46 .350 19
4 1 4.4 1.56 69 .35 15 .46 20 .81 35 .380 17
2 3.4 1.40 48 .38 12 .47 16 .85 28 .490 17
3 3.5 1.33 70 .36 20 .41 22 .77 42 .285 15
4 3.4 1.40 47 .38 17 .43 15 .81 32 .310 11
5 1 3.6 1.58 93 .41 15 .37 13 .78 28 .445 16
2 5.2 2.41 125 .47 25 .36 19 .83 44 .325 17
3 4.5 2.31 104 .38 17 .41 18 .79 35 .235 11
4 5.2 2.43 126 .49 26 .45 23 .94 49 .550 29
^Crop-soil combinations and plant factors are explained on page 88.



























P-2 P-3 P-4 P-5
1.40 92 .35 15
1.39 53 .33 13
1.55 62 .34 13
1.18 45 .35 13
1.39 58 .36 .15
1.20 55 .38 18
1.58 69 .35 16
1.65 69 .36 15
1.33 46 .47 17
1.26 62 .53 26
1.39 58 .48 20
1.31 50 .50 19
1.80 65 .38 14
1.87 54 .38 11
1.74 80 .43 20
1.95 78 .40 16
1.63 63 .46 18
1.58 92 .50 29
1.55 85 .51 28
1.71 75 .45 20
1.23 40 .40 13
1.32 40 .40 12
1.18 45 .40 15
1.32 66 .37 18
P-6 P-7 P-8 P-9 P-10 P-ll
37 16 .72 31 .595 26
37 14 .70 27 . .610 23
42 17 .76 30 .575 23
41 16 .76 29 .595 22
34 14 .70 29 .420 18
33 15 .71 33 .615 28
44 19 .79 35 .330 15
45 19 .81 34 .560 24
41 14 .88 31 .570 20
42 21 .95 47 .525 26-
34 14 .82 34 .435 18
34 13 .84 32 .650 25
53 19 .91 33 .200 7
46 13 .84 24 . .240 7
47 22 .90 42 .370 17
43 17 .83 33 .305 12
46 18 .92 36 .260 10
36 21 .86 50 .460 27
41 22 .92 50 .495 27
46 20 .91 40 .360 16
38 13 .78 26 .350 8
35 11 .75 23 .505 15
35 13 .75 28 .375 14
35 18 .72 36 .400 20
104
Table 32 (Continued)
ration Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P 8 • p-9 P-10 P-l]
12 1 3.3 1.18 39 .39 13 .42 14 .81 27 .200 7
2 4.6 1.47 68 .42 19 .40 18 .82 37 .320 15
3 4.1 1.40 57 .42 17 .43 18 .85 35 .415 17
4 3.7 1.24 46 .37 14 . .45 17 .82 31 .250 9
13 1 2.6 1.62 42 .42 11 .46 10 . .82 21 .495 13
2 3.1 1.38 43 .40 12 .42 13 .82 25 .435 13
3 3.0 1.28 38 .36 11 .36 11 .72 22 .460 14
4 3.8 1.40 53 .39 15 .37 14 .76 29 .160 . 6
14 1 3.7 1.20 44 .52 19 .40 15 .92 34 .445 16
2 5.1 1.20 61 .52 26 .33 17 .85 43 .360 18
3 5.9 1.38 81 .53 31 .39 23 .92 54 .440 26
4 5.7 1.62 92 .53 30 .39 22 .92 52 .415 24
15 1 4.0 2.26 90 .49 20 .27 11 .76 31 .635 25
2 3.0 1.24 37 .48 14 .30 9 .78 23 .750 23
3 3.7 1.31 48 .48 18 .28 10 .76 28 .685 25
4 3.3 1.20 40 .48 16 .34 11 .82 27 .915 30
16 1 5.2 1.26 66 .46 24 .37 19 .83 43 .375 20
2 3.4 1.40 48 .42 14 ' .39 13 .81 27 .110 4
3 4.1 1.38 57 .42 17 .44 18 .86 35 .170 7
4 5.7 1.26 72 .45 26 .40 23 .85 49 .235 13
17 1 4.9 1.31 64 .54 26 .38 19 .92 45 .550 27
2 5.0 1.18 70 .52 26 .37 19 .89 45 .375 19
3 5.5 1.23 76 .48 26 .35 19 .83 45 .335 18
4 5.0 1.33 67 .49 25 .40 20 .89 45 .355 18
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Table 32 (Continued)
:ation Replication P-l P-2 P-3 P-4 P-5 P—6 P-7 P-8 P-9 P-10 P-11
18 1 3.6 1.11 40 .56 20 .56 20 1.12 40 .410 152 3.6 1.37 49 .57 20 .54 ' 19 1.11 39 .500 18
3 3.6 1.43 51 .55 20 .42 15 .97 35 .395 14
4 4.5 1.47 66 •57 26 .49 22 1.06 . 48 .400 18
19 1 3.7 1.39 51 .43 16 .35 13 .78 . 29 .460 172 3.8 1.26 48 .43 16 .31 12 .74 28 .485 18
3 3.7 1.20 44 .45 17 .30 11 .75 28 .605 22
4 4.7 1.39 65 .39 18 .32 15 .71 33 .420 20
20 1 5.2 1.40 73 .48 25 .26 14 .74 39 .465 24
2 5.7 1.48 84 .47 27 .25 14 .72 41 .405 23
3 3.8 1.42 54 .44 17 .30 11 .74 28 . .410 16
4 5.4 1.28 69 .44 24 .25 14 .69 38 .330 18
21 1 5.6 1.09 61 .41 23 .26 15 .67 38 .370 21
2 4.2 .96 40 .44 19 .30 13 .74 32 .565 24
3 5.0 .93 46 .45 22 .34 17 .79 39 .515 26
4 4.1 .97 40 .42 17 .32 13 .75 30 .390 16
22 1 3.4 1.30 44 .41 14 .28 10 .69 24 .465 16
2 2.9 1.38 40 .42 12 .29 8 .71 20 .660 19
3 .9 1.39 12 . .45 4 .34 3 .79 7 .615 6
4 1.7 1.45 25 .45 8 .30 5 .75 13 .685 12
23 1 5.6 1.01 56 .51 29 .47 26 .98 55 .180 10
2 4.9 1.14 56 .54 26 .46 23 l'.OO 49 .380 18
3 3.9 1.46 57 .54 21 .45 18 .99 39 .345 13
4 4.9 1.36 66 .54 26 .49 24 1.03 50 .275 13
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Table 32 (Continued)
Location Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-ll
24 1 5.1 1.50 76 .53 27 .29 15 .82 42 .250 13
2 2.8 1.21 34 .56 16 .27 8 .83 24 .410 11
3 5.5 1.18 65 .51 28 .34 19 .85 47 .420 23
4 4.7 1.04 49 .55 26 .31 15 .86 41 .350 16
25 1 5.4 1.70 91 .43 23 .27 15 .70 38 .355 19
2 3.6 1.56 56 .43 16 .27 10 .70 26 .340 12
3 4.4 1.35 59 .41 18 .34 15 .75 33 .285 13
4 4.4 1.46 64 .41 18 .27 12 .71 30 .310 14
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Table 33. Values for plant material from crop 2, soil 2^
2Loca tion Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-ll
1 1 5.0 1.62 81 .65 32 .44 22 1.09 54 .160 8
2 5.6 1.44 80 .74 41 .46 26 1.20 67 .150 10
3 4.7 1.45 68 .73 34 .44 21 1.17 55 .110 5
4 5.7 1.50 85 .68 39 .43 24 1.11 63 .150 9
2 1 4.9 1.57 77 .69 34 .43 21 1.12 55 .205 10
2 6.4 1.39 89 .73 46 .41 26 1.14 72 .070 4
3 5.4 1.09 59 .74 42 .40 21 1.14 63 .120 6
4 5.8 1.18 68 .69 40 .39 22 1.09 62 .105 6
3 1 4.2 1.64 69 .91 38 .39 16 1.30 54 .095 4
2 5.4 1.39 75 .84 45 .43 23 1.27 68 .070 4
3 5.4 1.67 90 .83 45 .42 22 1.25 67 .240 13
4 5.6 1.77 99 .69 45 .40 22 1.09 67 .235 13
4 1 4.2 1.40 59 .46 19 .44 19 .90 38 .180 8
2 5.0 1.48 74 .50 25 . .46 23 .96 48 .160 8
3 4.1 1.62 66 .40 16 .43 18 .83 34 .225 9
4 5.6 1.42 80 .54 30 .45 25 .99 55 .100 6
5 1 5.4 1.08 58 .59 32 .60 32 1.19 64 .140 8
2 3.2 .86 27 .63 20 .65 21 1.28 41 .070 2
3 4.1 1.04 42 .62 25 .68 28 1.30 53 .090 4
4 3.9 .97 38 .58 23 .66 26 1.24 49 .070 3
^Crop-soil combinations and plant factors are explained on page 88.
Locations are given in Table 2.
Table 33 (Continued)
nation Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-l]
6 1 4.4 .60 26 .81 36 .46 20 1.27 56 .090 4
2 4.2 .66 28 .71 30 .47 20 1.18 50 .070 3
3 4.0 .72 29 .73 30 .45 18 1.18 48 .155 6
4 3.9 .70 27 .68 27 .45 18 1.13 45 .115 4
7 1 6.0 .81 49 .53 32 .63 38 1.16 70 .200 12
2 4.9 .86 42 .60 30 .61 30 1.21 60 .085 3
3 4.1 .69 28 .57 23 .59 24 1.16 47 .065 3
4 4.6 .78 36 .58 27 .58 27 1.16 54 .090 4
8 1 3.3 .54 18 .78 26 .70 23 1.48 49 .110 4
2 4.2 .70 29 .77 33 .69 29 1.46 ‘ 62 .100 4
3 4.2 .66 28 .68 29 .74 31 1.42 65 .110 5
4 4.9 .61 30 .73 36 .68 33 1.41 69 .075 4
9 1 5.6 1.06 59 .30 17 .76 43 1.06 60 .115 6
2 3.6 1.31 47 .26 10 .77 28 1.03 38 .160 6
3 5.1 1.04 53 .30 16 .74 38 1.04 54 .150 8
4 5.4 1.23 66 .38 21 .73 39 1.11 60 .140 8
10 1 4.5 .68 31 .93 42 .69 31 1.62 73 .100 5
2 3.8 .79 30 .78 30 .70 27 1.48 57 .165 6
3 3.8 .59 22 .90 34 .71 27 1.61 61 .100 4
4 3.5 .72 25 .82 29 .71 25 1.53 54 .115 4
11 1 3.5 .81 28 .56 20 .97 34 1.53 54 .065 2
2 4.0 .75 30 .68 27 .92 37 1.60 64 .115 5
3 3.2 .96 31 .59 19 1.04 33 1.63 52 .135 4




























P-2 P-3 P-4 P-5
1.00 18 .61 11
.87 14 .72 12
.93 17 .67 12
.90 15 .67 11
1.05 35 .70 23
1.19 44 .76 28
1.32 49 .72 26
1.04 68 .73 48
1.48 52 .69 24
1.43 78 .62 34
1.61 56 .59 21
1.52 67 .54 35
.91 50 .64 35
.97 35 .63 23
1.14 64 .70 39
1.05 57 .68 37
.72 18 .70 18
.79 17 .71 15
.69 25 .72 26
1.04 45 .74 32
1.93 87 .45 20
1.74 84 .46 22
1.69 81 .41 20
1.52 76 .45 22
P-6 P-7 P-8 P-9 P-10 P-ll
1.21 22 1.82 33 .335 6
1.16 19 1.88 31 .275 4
1.23 22 1.90 34 .330 6
1.15 20 1.82 31 .205 3
.64 21 1.34 44 .180 6
.66 24 1.42 52 .205 8
.65 24 1.37 50 .265 10
.65 43 1.38 . 91 .185 12
.81 28 1.50 52 .125 4
.82 45 1.44 79 .150 8
.80 28 1.39 49 .235 8
.86 38 1.40 * 73 .100 • 4
1.00 55 1.64 90 .125 7
1.01 37 1.64 60 .125 6
.96 54 1.66 93 .145 8
.98 53 1.66 90 .130 7
.68 17 1.38 35 .400 10
.67 14 1.38 29 .305 6
.69 22 1.41 48 .120 4
.69 30 1.43 62 .250 11
.73 33 1.18 53 .200 9
.72 35 1.18 57 .160 8
.69 33 1.10 53 .085 4
.70 35 1.15 55 .135 7
o
Table 33 (Continued)
nation Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-ll
18 1 5.4 1.23 .66 .73 39 .77 42 1.50 81 .130 7
2 5.5 1.18 65 .68 37 .80 44 1.48 81 .125 7
3 6.8 1.03 70 .75 51 .82 56 1.57 107 .125 9
4 6.0 1.10 66 .75 45 .81 49 1.56 94 .140 8
19 1 2.2 1.09 24 .80 15 .87 19 1.67 34 .415 9
2 1.9 .96 18 .82 16 .86 16 1.68 32 .410 8
3 2.0 .88 18 .84 17 • .85 17 1.69 34 .295 6
4 2.4 1.03 25 .79 19 .85 20 1.64 39 .395 9
20 1 3.9 1.49 58 .66 26 .74 29 1.40 55 .325 13
2 4.0 1.41 56 .67 27 .76 25 1.43 52 .340 14
3 3.7 1.32 49 .68 25 .76 28 1.44 53 .325 12
4 4.7 1.32 62 .62 29 .73 34 1.35 63 .135 6
21 1 3.6 1.25 45 .57 21 .64 23 1.21 44 .215 8
2 3.5 1.44 50 .54 19 .63 22 1.17 41 .185 6
3 2.8 1.49 42 .55 15 .65 18 1.20 33 .120 3
4 4.1 1.33 55 .56 23 .63 26 1.19 49 .115 4
22 1 5.4 1.18 64 .67 37 .58 32 1.25 69 .190 10
2 6.2 1,00 62 .68 43 .56 35 1.24 78 .130 8
• 3 5.6 1.08 60 .70 39 .57 32 1.27 71 .115 6
4 4.6 1.08 49 .73 34 .56 26 1.29 60 .135 6
23 1 3.6 1.01 36 .81 29 .43 15 1.24 44 .085 3
2 # 5.0 .87 44 .84 42 .44 22 1.28 64 .135 7
3 4.5 1.10 49 .82 37 .45 20 1.27 57 .165 7
4 4.9 1.02 50 .93 45 .44 22 1.37 67 .565 28
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Table 33 (Continued)
Location Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-ll
24 1 2.7 1.01 27 .84 23 .92 25 1.66 47 .565 15
2 3.9 .84 33 .99 40 .93 37 1.92 77 .185 7
3 2.1 .95 20 .99 22 1.02 21 2.01 43 .330 7
4 2.8 .88 25 .82 23 .96 27 1.78 50 .290 8
25 1 3.2 ..67 21 .83 26 .67 21 1.50 47 .080 3
2 3.4 .60 20 .71 24 .68 23 1.39 47 .215 7
3 3.3 .86 28 .78 26 .65 21 1.43 47 .220 7




Table 34. Values for plant material, crop 3, soil 1
Location^ Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-ll
1 1 6.7 1.13 76 .57 38 .56 38 1.13 76 .300 14
2 4.3 1.25 54 .57 25 .56 24 1.13 49 .460 19
3 7.0 1.25 88 .56 39 .53 37 1.09 76 .315 12
4 4.6 1.25 57 .56 26 .55 25 1.11 51 .485 16
2 1 5.6 1.88 105 .51 28 .44 25 .95 53 .410 11
2 5.3 2.00 106 .50 27 .44 24 .94 51 .220 13
3 5.7 1.86 106 .49 28 .44 25 .93 53 .190 13
4 7.5 1.88 141 .53 40 .42 31 .95 71 .185 11
3 1 4.4 1.50 66 .62 27 .54 24 1.16 51 .245 16
2 6.9 1.48 102 .61 42 .49 34 1.10 76 .440 23
3 7.0 1.29 90 .61 42 . .47 33 1.08 75 .400 20
4 6.4 1.36 87 .62 40 .50 32 1.12 72 .350 19
4 1 7.1 1.74 124 .46 31 .58 41 1.04 72 .380 17
2 4.5 1.82 82 .46 21 .53 23 .99 44 .490 17
3 5.8 1.71 99 .46 27 .65 37 1.11 64 .285 15
4 6.1 1.61 98 .46 28 .64 39 1.10 67 .310 11
5 1 4.5 1.67 120 .47 21 .45 20 .92 41 .445 16
2 4.0 1.95 78 .47 19 .57 23 1.04 42 .325 17
3 4.8 1.14 102 .44 21 .43 . 21 .87 42 .235 11
4 4.0 ‘ 1.14 85 .43 17 .54 21 .97 38 .550 29
Jcrop-soil combinations and plant factors are explained on page 88.




























P-2 P-3 P-4 P-
1.75 112 .46 29
1.81 114 .45 28
1.77 125 .45 32
1.83 102 .45 25
1.19 80 .46 35
1.11 67 .46 28
1.06 92 .47 41
1.09 90 .47 39
1.49 53 .63 23
1.43 63 .62 27
1.39 75 .61 33
1.36 103 .61 46
1.44 94 .47 31
1.37 89 .45 29
1.33 89 .46 31
1.41 97 .47 32
1.87 103 .56 31
1.81 101 .55 31
1.56 117 .58 43
1.69 108 .55 35
1.32 80 .52 31
1.60 84 .51 27
1.61 91 .50 29
1.56 98 .51 32
P-6 P-7 P-8 P-9 P-10 P-ll
68 43 1.14 72 .595 26
63 39 1.08 67 .610 23
69 49 1.14 81 .570 23
71 40 1.16 65 .590 22
47 35 .93 70 .420 18
46 28 .92 56 .615 28
41 36 .88 77 .330 15
41 34 .88 73 .560 24
36 13 .99 36 .570 20
38 17 1.00 44 .525 26
39 21 1.00 54 .435 18
38 29 .99 75 .650 25
67 44 ’ 1.14 75 .200 7
64 42 1.09 71 .240 7
72 48 1.18 79 .370 17
65 45 1.12 77 .305 12
53 29 1.09 60 .260 10
48 27 1.03 58 .460 27
49 37 1.07 80 .495 27
46 27 1.01 62 .360 16
71 43 1.23 74 .250 8
81 44 1.32 71 .505 15
80 45 1.30 74 .375 14
77 48 1.28 80 .400 20
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Table 34 (Continued)
Location Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-11
12 1 5.9 1.40 83 .50 30 .59 35 1.09 65 .200 7
2 6.2 1.43 89 .51 32 .59 37 1.10 69 .320 15
3 4.3 1.61 69 .50 21 .56 24 1.06 46 .415 17
4 7.1 1.50 106 .51 36 .60 43 1.11 79 .250 9
13 1 5.2 1.36 70 .47 24 .91 47 1.38 71 .495 13
2 7.5 1.36 102 .48 36 .84 63 1.32 99 .435 13
3 4.0 1.51 60 .48 19 .83 33 1.31 52 .460 14
4 5.7 1.48 84 .47 27 .90 51 1.37 78 .160 6
14 1 5.5 1.59 87 .56 31 .47 26 1.03 57 .445 16
2 6.8 1.49 101 .57 39 .42 28 .99 67 .360 18
3 8.4 1.45 121 .54 54 .43 36 .97 90 .440 26
4 5.1 1.57 80 .55 28 .43 22 .98 50 .415 24
15 1 6.5 1.36 88 .55 36 .50 33 1.05 69 .635 25
2 6.6 1.26 83 .55 36 .53 35 1.08 71 .750 23
3 5.7 1.36 77 .56 32 .50 29 1.06 61 .685 25
4 6.8 1.19 81 .56 38 .54 37 1.10 75 .915 30
16 1 9.6 1.32 126 .55 53 .59 56 1.14 109 .375 20
2 10.0 1.53 153 .54 56 .56 56 1.10 112 .110 4
3 8.7 1.44 125 .56 49 .55 48 1.11 97 .170 7
4 9.2 1.34 123 .56 52 .55 50 1.11 102 .350 13
17 1 8.9 1.40 125 .68 60 .53 47 1.21 107 .550 27
2 8.1 1.32 107 .68 55 .54 44 1.22 99 .375 19
3 7.7 1.31 100 .67 52 .56 43 1.23 95 .335 18




























P-2 P-3 P-4 P-f
.95 61 .66 42
.94 73 .68 53
1.00 64 .70 45
.87 71 .70 57
1.84 150 .49 40
1.88 135 .50 36
1.98 135 .48 33
1.85 148 .48 39
1.89 126 .62 41
1.41 90 .62 40
1.61 104 .60 39
1.44 122 .61 52
1.86 87 .54 39
1.86 105 .52 46
1.20 73 .55 33
1.03 81 .54 43
1.84 103 .64 36
1.54 87 .65 37
1.38 87 .63 40
1.71 65 .65 25
1.01 54 .78 42
1.11 49 .78 34
.99 49 .78 38
1.03 43 .77 32
P-6 P-7 P-8 P-9 P-10 P-ll
53 34 1.19 76 .410 15
49 38 1.17 91 .500 18
47 30 1.17 75 .395 14
49 40 1.19 97 .400 18
52 42 1.01 82 .460 17
56 41 1.06 77 .485 18
53 36 1.01 69 .605 22
50 40 .98 79 .420 20
53 36 1.15 77 .465 24
56 36 1.18 76 .405 23
50 33 1.10 72 .410 16
50 43 1.11 95 .330 18
46 33 1.00 72 .370 21
47 42 .99 88 .565 24
43 26 .98 59 .515 26
44 35 .98 78 .390 16
59 33 1.23 69 .465 16
63 36 1.28 73 .660 19
54 34 1.17 74 .615 6
65 25 1.30 50 .685 12
67 36 1.45 78 .180 10
65 29 1.43 63 .380 18
68 32 1.46 70 .345 13
70 30 1.47 62 .275 13
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Table 34 (Continued)
Location Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-ll
24 1 7.0 1.34 93 .68 48 .49 34 1.17 82 .250 13
2 7.4 1.17 86 .67 49 .55 40 1.22 89 .410 11
3 4.6 1.19 55 .67 31 .56 26 1.23 57 .420 23
4 10.3 1.33 136 .88 91 .49 50 1.37 141 .350 16
25 1 6.5 1.12 73 .62 40 .48 31 1.10 71 .355 19
2 5.9 .95 56 .62 37 .49 29 1.11 66 .340 12
3 6.8 1.00 68 .63 43 .49 33 1.12 76 .285 13
4 8.6 1.03 89 .64 55 .47 40 1.11 95 .310 14
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Table 35. Values for plant material from crop 3, soil 2*
oLocation* Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-ll
1 1 9.9 1.70 168 .38 38 .50 49 • .88 87 .145 14
2 7.6 1.64 125 .40 30 .50 38 .90 68 .170 13
3 8.0 1.65 132 .41 33 .51 . 41 .92 74 .110 9
4 6.9 1.85 128 .39 27 .49 34 .88 61 .160 11
2 1 9.8 1.44 141 .42 41 .40 . 39 .82 80 .065 6
2 10.0 1.71 171 .44 44 .37 37 .81 81 .120 12
3 9.9 1.56 154 .43 42 .39 39 .82 81 .170 17
4 6.2 1.63 101 .45 28 .40 25 .85 53 .120 7
3 1 10.6 1.56 165 .42 44 .41 43 .83 87 .135 16
2 8.4 • 1.56 131 .42 35 .41 34 .83 69 .135 11
3 7.7 1.69 130 .41 31 .40 31 .81 62 .150 12
4 12.8 1.65 211 .40 51 .42 53 .82 104 .165 21
4 1 9.7 1.79 173 .35 34 .58 57 .93 91 .130 13
2 9.0 1.89 170 .37 33 .56 51 .92 84 .145 13
3 5.5 1.76 97 .38 21 .59 32 .97 53 .185 10
4 4.8 1.82 87 .35 17 .59 28 .94 45 .160 8
5 1 6.5 1.17 76 .51 33 .65 42 1.16 75 .140 9
2 9.1 1.16 106 .52 47 .64 58 1.16 105 .095 9
3 7.4 .1.21 89 .50 37 .65 48 1.15 85 .125 . 9
4 5.9 1.17 69 .52 31 .59 35 1.11 66 .155 9
2Crop-soil combinations and plant factors are explained on page
Locations are given in Table 2.
Table 35 (Continued)
:ation Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 • P-10 P-ll
6 1 8.4 1.11 93 .57 48 .65 55 1.22 103 .090 8
2 11.3 1.21 137 .57 65 .60 68 1.17 133 .145 16
3 10.3 1.23 126 .60 62 .60 62 1.20 124 .150 15
4 6.9 1.15 79 .57 39 .62 • 43 1.19 82 .175 12
7 1 7.8 1.44 112 .50 39 .60 47 1.10 86 .150 12
2 9.2 1.17 107 .49 45 .62 57 1.11 102 .110 10
3 6.6 1.44 95 .49 32 .63 42 1.12 74 .130 9
4 8.3 1.20 99 .48 40 .61 51 1.09 91 .115 10
8 1 8.8 .97 85 .55 48 .64 56 1.19 104 .160 14
2 8.1 1.00 81 .57 46 .67 54 1.24 100 .170 14
3 7.9 .96 76 .56 44 .61 48 1.17 92 .125 10
4 6.6 1.02 67 .56 37 .65 42 1.21 79 .145 10
9 1 10.7 2.20 235 .27 29 .63 67 .90 96 .195 21
2 10.1 2.23 225 .26 26 .63 67 .89 93 .215 22
3 8.4 2.33 195 .24 20 .69 58 .93 78 .245 21
4 7.6 2.50 190 .25 19 .66 50 .9i 69 .215 16
10 1 6.4 .81 52 .79 50 .75 48 1.54 . 98 .145 9
2 7.3 .84 61 .81 59 .70 51 1.51 110 .160 12
' 3 6.4 .84 53 .81 52 .70 45 1.51 97 .185 12
4 7.7 .98 75 .81 62 .70 54 1.51 116 .140 11
11 1 8.9 1.11 99 .51 45 .78 70 1.29 115 .160 14
2 9.7 .90 87 .52 50 .74 82 1.26 132 .110 11
3 10.5 1.05 110 .50 53 .72 86 1.22 139 .130 14
4 6.7 1.10 73 .50 34 .80 54 1.30 87 .205 14
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Table 35 (Continued)
ration Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-l]
12 1 2.2 2.32 51 .51 11 .98 22 1.49 33 .300 7
2 .4 2.30 9 .52 2 1.06 4 1.58 6 .300 1
3 .6 2.33 14 .51 3 1.02 7 1.53 10 .290 2
4 .3 2.34 7 .50 1 1.00 3 1.50 4 .295 1
13 1 7.5 1.48 111 .52 39 .55 41 1.07 80 .110 8
2 7.4 1.35 100 .53 39 .52 39 .92 78 .090 7
3 7.6 1.49 113 .52 39 .48 37 1.00 76 .200 15
4 6.9 1.52 105 .51 35 .52 36 1.03 71 .105 7
14 1 11.7 1.11 129 .52 61 .70 82 1.22 143 .135 16
2 8.5 1.18 100 .52 44 .68 58 1.20 102 .165 14
3 7.9 1.18 93 .53 42 .71 56 1.24 98 .125 10
4 9.3 1.04 97 .54 50 .70 65 1.24 115 .150 14
15 1 11.3 .96 108 .68 77 .65 73 1.33 150 .075 8
2 7.6 1.06 81 .67 51 .66 50 1.33 101 .165 13
3 12.7 .87 110 .68 87 .66 84 1.34 171 .100 13
4 7.5 1.11 83 .69 52 .70 53 1.39 105 .075 6
16 1 6.7 .72 48 .37 25 .54 36 .91 61 .250 17
2 4.1 .75 31 .38 16 .49 20 .87 36 .210 9
3 7.2 .73 53 .37 27 .53 38 .90 65 .150 11
4 5.7 .85 48 .38 22 .55 31 .93 53 .250 14
17 1 10.4 1.44 149 .58 60 .53 55 1.11 115 .115 12
2 6.7 1.65 111 .59 39 .55 37 1.14 76 .160 11
3 8.8 1.58 139 .59 52 .56 49 1.14 101 .075 7




























P-2 P-3 P-4 P-i
1.25 103 .77 64
1.05 115 .76 84
1.15 148 .80 102
1.22 86 .78 56
.60 37 .61 37
.70 71 .60 61
.60 44 .62 46
..65 38 .60 35
1.03 82 .42 34
1.01 75 .43 32
.91 80 .44 39
1.04 69 .41 27
1.77 152 .52 45
1.81 91 .54 27
1.71 123 .53 38
1.75 138 .53 42
1.50 131 .54 47
1.49 149 .55 55
1.44 117 .53 43
1.42 130 .55 50
.90 71 .77 61
1.03 99 .78 75
1.06 75 .81 57
.95 56 .78 46
P-6 P-7 P-8 P-9 P-10 P-ll
58 48 1.35 112 .115
58 64 1.34 148 .065
61 78 1.41 180 .100
60 42 1.38 98 .140
74 41 1.35 78 .265
74 76 1.34 137 .320
73 54 1.35 100 .390
72 43 1.32 78 .305
57 46 .99 80 .205
56 42 .99 74 .175
59 52 1.03 91 .195
58 38 .99 65 .135
77 67 1.29 112 .160
73 37 1.27 64 .185
79 57 1.32 95 .150
76 60 1.29 102 .145
43 37 .97 84 .085
46 46 1.01 101 .095
44 36 .97 79 .150
45 41 1.00 91 .125
36 29 1.13 90 .075
35 34 1.13 109 .130
37 26 . 1.18 83 .105



























Location Replication P-l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-ll
24 1 4.4 1.31 57 .78 34 .92 40 1.70 74 .090 4
2 3.9 1.23 48 .78 31 .93 32 1.71 63 .285 11
3 3.8 1.24 47 .81 31 .91 34 1.72 65 .230 9
4 6.5 1.11 72 .81 53 .90 59 1.71 112 .150 10
. 25 1 5.9 1.08 64 .62 37 .66 39 1.28 76 .235 14
2 7.6 .96 73 .65 49 .64 48 1.29 97 .165 13
3 9.4 .93 87 .65 61 .65 61 1.30 122 .175 16
4 7.2 1.05 76 .65 46 .64 46 . 1.29 92 .120 9
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Table 36. Simple correlation for crop 1, soil 1*
S o il-P la n t
Factors P - l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10
P - l 1 .00 .02 .96 .33 .97 .14 .97 .2 0 .98 .34
P-2 .02 . 1 .00 .15 .67 - .0 4 .68 .06 .72 .04 .71
P-3 .96 .15 1.00 .29 .89 .18 .94 .22 .94 .42
P-4 .33 .67 .29 1.00 .39 .70 .35 .81 .37 .74
P-5 .97 - .0 4 .89 .39 1 .00 .12 .95 .19 .97 .33
P-6 .14 .68 .18 .70 .12 1.00 .28 :99 .24 .36
P-7 .97 .0 6 .94 .35 .95 .28 1 .00 .31 1 .00 .28
P-8 .20 .72 .22 .81 .19 .99 .31 1 .00 .29 .47
P-9 .98 .04 .94 .37 .97 .24 1.00 .29 1 .00 .30
P-10 .34 .71 .42 .74 .33 .36 .28 .47 .30 1.00
P - l l .96 .04 .95 .31 .94 .04 . .90 .11 .92 .47
P-12 .37 .79 .45. .74 .34 .56 .36 .63 .36 .79
P-13 .95 .05 .93 .30 .93 .10 .92 .15 .93 .39
S - l - .4 6 - .0 5 - . ‘42 - .2 4 - .4 6 .32 - .2 9 .2 0 - .3 4 -.47
S-2 - .1 2 .03 .02 - .3 3 - .2 1 .15 - .0 2 .05 - .0 7 - .2 3
S-3 - .2 3 .07 - .0 3 - .4 6 - .3 4 - .0 7 - .1 7 - . 1 6 - .2 2 - .1 4
S-4 - .2 3 - .0 3 - .0 9 .-3 7 - .3 0 .01 - .1 4 - . 0 8 - .1 9 -.22
S-5 - .2 0 .0 4 - .2 2 .04 - .2 1 .57 - .0 6 .48 - .1 0 - .43
S-6 .29 - .4 6 .11 .13 .40 - .2 2 .23 - .1 5 .28 - .12
S-7 .30 - .3 8 .13 .22 .41 - .1 3 .26 - .0 6 .31 - .05
S-8 - .2 4 .09 - .2 5 .03 - .2 7 .57 - .1 2  • .47 - .1 7 - .37
S-9 - .0 2 - .0 0 - .0 8 .12 - .0 4 .58 .11 .51 .07 - .37
S-10 - .1 2 .00 - .1 8 .11 - .1 2 .59 .00 .51 - .0 3 - .4 0
S - l l - .2 4 .08 - .2 4 .03 t .26 .57 - .1 1 .48 - .1 6 - .39
S-12 .05 - .1 1 - .0 5 .14 .06 .49 .15 .44 .13 - .38
S-13 - .0 6 - .0 7 - .1 5 .15 - .0 4 .55 .05 .48 .02 - .4 0
S-14 - .3 4 .30 - .1 3 - .3 7 - .4 5 - .1 4 - .3 3 - .2 0 - .3 7 .12
S-15 - .3 1 .26 - .0 9 - .4 0 - .4 3 - .2 0 - .3 2 - .2 5 - .3 5 .12
S-16 - .4 2 .22 - .2 1 - .4 1 - .5 2 - .2 2 - .4 2 - .2 8 - .4 5 .09
S-17 - .2 8 .17 - .2 5 - .0 2 - .3 2 .57 - .1 3 .47 - .1 9 - .3 8
S-18 - .1 1 - .5 0 - .2 0 - .1 9 .01 - .6 2 - .2 0 - .5 5 - .1 4 - .13
S-19 - .1 6 - .3 6 - .2 6 .02 - .0 2 - .4 9 - .2 4 - . 4 0 - .1 7 .04
S-20 - .2 9 .16 - .2 6 - .0 2 - .3 3 .55 - .1 6 .45 - .2 1 -.35
S-21 - .3 5 .25 - .2 7 - .0 8 - .4 2 .57 - .1 9 .45 - .2 6 - .32
S-22 - .3 3 .17 - .3 0 - .0 2 - .3 7 .58 - .1 9 .48 - .2 4 -.37
S-23 - .2 9 .16 - .2 6 - .0 2 - .3 3 .56 - .1 5 .46 - .2 1 - .36
S-24 - .4 5 .11 - .3 9 - .1 6 - .4 9 .43 - .2 9 .32 - .3 5 - .42
S-25 - .4 1 .10 - .4 0 - .0 1 - .4 1 .54 - .2 6 .44 - .3 0 - .41
S-26 .52 .09 .40 .43 .56 .08 .48 .17 .51 .26
S-27 .79 .01 .70 .44 .81 .19 .78 .26 .80 .35
S-28 .51 .05 .38 .41 .56 .07 .48 .16 .51 .22
S-29 .51 - .1 0 .43 .22 .50 - .1 8 .39 - . 1 0 .42 ,23
S-30 .60 .01 .55 .29 .61 - .2 8 .45 - .1 7 .49 .49
S-31 - .5 4 - .2 5 - .53 - .4 4  • - .5 4 .02 - .4 4 - . 0 9 - .4 8 - .62
S-32 - .5 8 .02 -.47 - .3 4 - .6 2  ' .07 - .4 7 - .0 2 - .5 1 - .25
S-33 .43 - .2 5 .27 .23 .46 .12 .41 .15 .43 - .12
/r/ > .40 Significant at 5 percent
j/r/ >  .51 Significant at 1 percent 'Crop-soll combinations and soil-plant factors are explained on page 88.
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Table 36 (Continued)
S o l l -P la n t
Factors P - l l P-12 P-13 S - l S-2 S-3 S-4 S-5 S-6 S-7
P - l .96 .37 .95 - .4 6 - .1 2 - .2 3 - .2 3 - .2 0 .29 .30
P-2 .04 .79 .05 - .0 5 .03 .07 - .0 3 .04 - .4 6 - .3 8
P-3 .95 .45 .93 - .4 2 .02 - .0 3 - .0 9 - .2 2 .11 .13
P-4 .31 .74 .30 - .2 4 - .3 3 - .4 6 - .3 7 .04 .13 .22
P-5 .94 .34 .93 - .4 6 - .2 1 - .3 4 - .3 0 - .2 1 .40 .41
P-6 .04 .56 .10 .32 .15 - .07 .01 .57 - .2 2 - .1 3
P-7 .90 .36 .92 - .2 9 - .0 2 -.17 - .1 4 - .0 6 .23 .26
P-8 .11 .63 .15 .20 .05 - .1 6 - .0 8 .48 - .1 5 - .0 6
P-9 .92 .36 .93 - .3 4 - .0 7 - .2 2 - .1 9 - .1 0 .28 .31
P-10 .47 .79 .39 - .4 7 - .2 3 - .1 4 - .2 2 - .4 3 - .1 2 - .0 5
P - l l 1.00 .42 .96- - .5 2 - .1 3 - .1 6 - .2 1 - .3 5 .23 .23
P-12 .42 1.00 • .49 - .1 8 - .1 9 - .1 6 - .2 5 - .0 8 - .3 2 - .2 6
P-13 .96 .49 1.00 - .3 7 - .1 3 - .17 - .2 2 - .2 5 .13 .14
S - l - . 5 2 - .18 -137 1.00 .49 .40 .52 .64 - .3 3 - .2 8
S-2 - .1 3 -.19 - .13 .49 1.00 .84 .92 .42 - .1 8 - .1 8
S-3 - .1 6 - .16 -.17 .40 .84 1.00 .85 .07 - .4 2 - .4 3
S-4 - .2 1 - .25 - .2 2 .52 .92 .85 1.00 .23 - .1 4 - .1 1
S-5 - .3 5 -.08 - .2 5 .64 .42 .07 .23 1.00 - .0 5 - .0 5
S-6 .23 -.32 .13 - .3 3 - .1 8 - .4 2 - .1 4 - .0 5 1.00 .97
S-7 .23 -.26 .14 - .2 8 - .1 8 - .4 3 - .1 1 - .0 5 .97 1.00
S-8 - .3 6 - .02 -- .27 .61 .38 .09 .20 .94 - .2 0 - .2 4
S-9 - .2 0 -.14 - .1 6 .53 .48 .02 .34 .88 .18 .21
S-10 - .2 8 - .10 - .2 1 .56 .37 - .0 2 .23 .93 .05 .05
8-11 - .3 6 -.03 -.27 .62 .39 .09 .21 .96 - .1 8 - .2 1
S-12 - .1 4 -.21 - .12 .42 .40 - .0 7 .29 .81 .40 .42
S-13 - .2 3 -.15 - .1 8 .50 .33 - .1 0 .20 .90 .23 .24
S-14 - .2 1 .13 - .17 .17 .32 .67 .31 - .2 2 - .8 3 - .8 5
S-15 - .1 8 .08 - .16 .13 .32 .72 .34 - .2 9 - .7 7 - .7 9
S-16 - .2 8 .06 - .2 5 .24 .37 .74 .46 - .2 7 - .7 6 - .7 6
S-17 - .4 2 .04 - .27 .71 .34 .18 .17 .90 - .3 8 - .3 9
S-18 - .0 2 -.31 -.05 . - .3 0 - .3 3 - .1 2 - .1 6 - .4 7 .45 .35
S-19 - .0 7 -.22 - .11 - .1 9 - .3 9 - .2 4 - .1 5 - .4 7 .4$ .53
S-20 - .3 9 .04 - .27  • .63 .33 .16 .15 .86 - .3 9 - .4 4
S-21 - .4 6 .06 - .3 1 .80 .48 .36 .35 .77 - .5 8 - .5 7
S-22 - .4 4 .03 - .3 1 .73 .34 .17 .20 .87 - .4 3 - .4 4
S-23 - .4 0 .04 - .27 .66 .34 .17 .16 .88 - .3 9 - .4 3
S-24 - .5 3 -.05 -.38 .81 .43 .38 .35 .72 - .5 1 - .5 3
S-25 - .5 1 -.02 - .37 .77 .30 .14 .19 .86 - .3 7 - .3 8
S-26 .45 .22 .38 - .3 8 - .2 4 - .3 9 - .1 9 - .1 9 .43 .49
S-27 .72 .19 .63 - .5 3 - .2 2 - .3 6 - .2 9 - .2 2 .40 .45
S-28 .44 .20 .38 - .3 6 - .2 1 - .39 - .1 7 - .1 6 .46 .52
S-29 .48 -.01 .32 - .8 0 - .3 0 - .39 - .3 4 - .3 5 .62 .57
S-30 .67 .23 .54 - .9 5 - .4 7 - .4 0 • -  .49 - .6 3 .37 .34
S-31 - .6 0 -.45 - .5 3 .63 .39 .28 .36 .56 - .1 3 - .2 5
S-32 - .5 3 -.25 -.49 .73 .59 .66 .73 .27 - .4 3 - .4 0
S-33 .28 -.22 .18 - .2 3 .04 - .36 - .0 2 .25 .84 .85
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Table 36 (Continued)
i l - P l a n t
cto rs S-8 S-9 S-10 S - l i S-12 S-13 S-14 S-15 S-16 S-17
P - l - .2 4 - .0 2 - .12 - .2 4 .05 - .0 6 - .3 4 - .3 1 - .4 2 - .2 8
P-2 .09 - .0 0 .00 .08 - .1 1 - .0 7 .30 .26 .22 .17
P-3 - .2 5 - .0 8 - .18 - .2 4 - .0 5 - .1 5 - .1 3 - .0 9 - .2 1 - .2 5
P-4 .03 .12 .11 .03 .14 .15 - .3 7 - .4 0 - .4 1 - .0 2
P-5 - .2 7 - .0 4 -.12 - .2 6 .06 - .0 4 - .4 5 - .4 3 - .5 2 - .3 2
P-6 .57 .58 .59 .57 .49 .55 - .1 4 - .2 0 - .2 2 .57
P-7 - .1 2 .11 .00 - .1 1 .15 .05 - .3 3 - .3 2 - .4 2 - .1 3
P-8 .47 .51 .51 .48 .44 .48 - .2 0 - .2 5 - .2 8 .47
P-9 - .1 7 .07 -.03 - .1 6 .13 .02 - .3 7 - .3 5 - .4 5 - .19 .
P-10 - .37 - .3 7 - .40 - .3 9 - .3 8 - .4 0 .12 .12 .09 - .3 8
P - l l - .3 6 - .2 0 -.28 - .3 6 - .1 4 - .2 3 - .2 1 - .1 8 - .2 8 - .4 2
P-12 - .0 2 - .1 4 - .10 - .0 3 - .2 1 - .1 5 .13 .08 .06 .04
P-13 - .27 - .1 6 - .2 1 - .2 7 - .1 2 - .1 8 - .1 7 - .1 6 - .2 5 - .2 7
S - l .61 .53 .56 .62 .42 .50 .17 .13 .24 .71
S-2 .38 .48 .37 .39 .40 .33 .32 .32 .37 .34
S-3 .09 .02 .02 .09 - .0 7 - .1 0 .67 .72 .74 .18
S-4 .20 .34 .23 .21 .29 .20 .31 .34 .46 .17
S-5 .94 .88 .93 .96 .81 .90 - .2 2 - .2 9 - .2 7 .90
S-6 - .2 0 .18 .05 - .1 8 .40 .23 - .8 3 - .7 7 - .7 6 - .3 8
S-7 - .2 4 .21 .05 - .2 1 .42 .24 - .8 5 - .7 9 - .7 6 - .3 9
S-8 1.00 .81 ' . 9 3 .99 .71 .86 - .0 8 - .1 6 - .1 4 .88
S-9 .81 1.00 .95 .83 .97 .96 - .4 4 - .4 9 - .4 4 .66
S-10 .93 .95 1.00 .94 .89 .98 - .3 5 - .4 0 - .3 7 .76
S - l l 1.00 .83 .94 1.00 .73 .88 • - .1 0 - .1 8 . - .1 6 .89
S-12 .71 .97 .89 .73 1.00 .95 - .6 0 - .6 3 - .5 8 .53
S-13 .86 .96 .98 .88 .95 1.00 - .5 0 - .5 4 - .5 0 .66
S-14 - .0 8 - .4 4 - .35 - .1 0 - .6 0 - .5 0 1.00 .98 .96 .09
S-15 - .1 6 - .4 9 - .4 0 - .1 8 - .6 3 - .5 4 .98 1.00 .96 .01
S-16 - .1 4 - .4 4 -.37 - .1 6 - .5 8 - .5 0 .96 .96 1.00 .01
S-17 .88 .66 .76 .89 .53 .66 .09 .01 .01 1.00
S-18 - .4 5 - .4 8 - .4 4 - .4 6 - .3 5 - .3 6 - .1 6 - .0 9 - .0 6 - .4 9
S-19 - .5 8 - .4 4 - .48 - .5 7 - .3 0 - .37 - .2 9 - .2 3 - .1 4 - .5 3
S-20 .95 .66 .80 .95 .52 .70 .12 .03 .03 .94
S-21 .82 .61 .68 .81 .44 .56 .30 .22 .25 .92
S-22 .94 .70 .83 .94 .55 .72 .11 .03 .05 .94
S-23 .95 .67 .80 .94 .53 .70 .11 .03 .03 .97
S-24 .78 .53 .63 .77 .38 .51 .29 .22 .27 .89
S-25 .92 .68 .82 .92 .55 .73 .06 - .0 2 .03 .94
S-26 - .2 3 .07 - .02 - .2 3 .17 ' .07 - .5 4 - .4 9 - .4 8 - .3 6
S-27 - .2 7 .02 - .09 - .2 6 .12 - .0 0 - .4 7 - .4 4 - .5 2 - .3 2
S-28 - .2 0 .12 .02 - .2 0 .21 .12 - .5 6 - .5 2 - .5 0 - .3 4
S-29 - .4 1 - .1 1  . - .26 - .4 0 .04 - .1 4 - .5 0 - .4 4 - .5 3 - .5 3
S-30 - .6 1 - .5 0 - .54 - .6 2 - .3 8 - .4 6 - .2 4 - .1 9 - .3 0 - .7 1
S-31 .59 .42 .50 .59 .36 .44 .13 .08 .15 .55
S-32 .28 .19 .19 .28 .08 .11 .44 .43 .58 .38
S-33 .10 .54 .38 .12 .70 .53 - .8 5 - .8 1 - .8 2 - .1 3
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Table 36 (Continued)
S o l l -P la n t
Factors S-13 S-19 S-20 S-21 S-22 S-23 S-24 S-25 S-26 S-27
P - l - .1 1 - .16 -.29 - .3 5 - .3 3 - .2 9 - .4 5 - .4 1 .52 .79
P-2 - .5 0 - .36 .16 .25 .17 .16 .11 .10 .09 .01
P-3 - .2 0 - .2 6 -.26 - .2 7 - .3 0 - .2 6 - .3 9 - .4 0 .40 .70
P-4 - .1 9 .02 - .02 - .0 8 - .0 2 - .0 2 . - .1 6 - .0 1 .43 .44
P-5 .01 - .02 - .3 3 - .4 2 - .3 7 - .3 3 - .4 9 - .4 1 .56 .81
P-6 - .6 2 - .4 9 .55 .57 .58 .56 .43 .54 .08 .19
P-7 - .2 0 - .2 4 - .1 6 - .1 9 - .1 9 - .1 5 - .2 9 - .2 6 .48 .78
P-8 - .5 5 - .4 0 .45 .45 .48 .46 .32 .44 .17 .26
P-9 - .1 4 - .17 - .2 1 - .2 6 - .2 4 - .2 1 - .3 5 - .3 0 .51 .80
P-10 - .1 3 .04 - .35 - .3 2 - .3 7 - .3 6 - .4 2 - .4 1 .26 .35
P - l l - .0 2 - .0 7 - .3 9 - .4 6 - .4 4 - .4 0 - .5 3 - .5 1 .45 .72
P-12 - .3 1 - .2 2 .04 .06 .03 .04 - .0 5 - .0 2 .22 .19
P-13 - .0 5 - .1 1 - .27 - .3 1 - .3 1 - .2 7 - .3 8 - .3 7 .38 .63
S - l - .3 0 - .1 9 .63 .80 .73 .66 .81 .77 - .3 8 - .5 3
S-2 - .3 3 - .3 9 .33 .48 .34 .34 .43 .30 - .2 4 - .2 2
S-3 - .1 2 - .2 4 .16 .36 .17 .17 .38 .14 - .3 9 - .3 6
S-4 - .1 6 - .1 5 .15 .35 .20 .16 .35 .19 - .1 9 - .2 9
S-5 - .4 7 - .4 7 .86 .77 .87 .88 .72 .86 - .1 9 - .2 2
S-6 .45 .49 - .3 9 - .5 8 - .4 3 - .3 9 - .5 1 - .3 7 .43 .40
S-7 .35 .53 - .4 4 - .5 7 - .4 4 - .4 3 - .5 3 - .3 8 .49 .45
S-8 - .4 5 - .5 8 .95 .82 .94 .95 .78 .92 - .2 3 - .2 7
S-9 - .4 8 - .4 4 .66 • .61 .70 .67 .53 .68 .07 .02
S-10 - .4 4 - .4 8 .80 .68 .83 .80 .63 .82 - .0 2 - .0 9
S - U - .4 6 - .5 7 .95 .81 ■ ‘.94  t. .94 .77 .92 - .2 3 - .2 6
S-12 - .3 5 - .3 0 .52 .44 .55 .53 .38 .55 .17 .12
S-13 - .3 6 - .3 7 .70 .56 .72 .70 .51 .73 .07 - .0 0
S-14 - .1 6 - .2 9 .12 .30 .11 .11 .29 .06 - .5 4 - .4 7
S-15 - .0 9 - .2 3 .03 .22 .03 .03 .22 - .0 2 - .4 9 - .4 4
S-16 - .0 6 - .1 4 .03 .25 .05 .03 .27 .03 - .4 8 - .5 2
S-17 - .4 9 - .5 3 .94 .92 .94 .97 .89 • .94 - .3 6 - .3 2
S-18 1.00 .79 - .4 5 - .5 6 - .4 8 - .4 7 - .2 7 - .3 6 - .1 0 - .0 3
S-19 .79 1.00 - .62 - .6 1 - .5 9 - .6 0 - . 4 i - . 4 4 .01 - .0 2
S-20 - .4 5 - .6 2 1.00 .90 .98 .99 .87 .96 - .3 3 - .3 3
S-21 - .5 6 - .6 1 .90 1.00 .94 .91 .95 .91 - .4 0 - .3 9
S-22 0.48 - .5 9 .98 .94 1.00 .98 .91 .98 - .3 2 - .3 4
S-23 - .4 7 - .6 0 .99 .91 .98 1.00 .89 .96 - .3 4 - .3 3
S-24 .27 - .4 1 .87 .95 .91 .89 1.00 .92 - .5 0 - .4 6
S-25 - .3 6 - .4 4 .96 .91 .98 .96 .92 1 .00 - .3 5 -;3 9
S-26 - .1 0 .01 - .3 3 - .4 0 - .3 2 - .3 4 - .5 0 - .3 5 1.00 .63
S-27 - .0 3 - .0 2 - .3 3 - .3 9 - .3 4 - .3 3 - .4 6 - .3 9 .63 1.00
S-28 - .1 0 .00 - .3 1 - .3 8 - .3 0 - .3 3 - .4 8 - .3 3 .99 .63
S-29 .20 .13 - .5 0  . - .6 5 - .5 8 - .5 1 - .6 8 - .6 2 .42 .56
S-30 .30 .23 - .65 - .8 1 - .7 4 - .6 7 - .8 2 - .7 7 .39 .56
S-31 - .0 2 - .2 2 .59 .55 .59 .58 .63 .60 - .5 2 - .5 8
S-32 - .0 8 .02 .33 .55 .40 .35 .60 .45 - .4 8 - .6 0
S-33 - .0 4 .03 - .1 3 - .2 9 - .1 5 - .1 3 - .3 5 - .1 6 .58 .53
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Table 36 (Continued)
S o il-P la n e  g s _2g 3Q g 3 1  g_32 g_33
Factors________________________________________________________
P -l .51 .51 .60 - .5 4 - .5 8 .43
P-2 .05 - .1 0 .01 • - .2 5 .02 - .2 5
P-3 .38 .43 .55 - .5 3 - .4 7 .27
P-4 .41 .22 .29 - .4 4 - .3 4 .23
P-5 .56 .50 .61 - .5 4 - .6 2 .46
P-6 .07 - .1 8 - .2 8 .02 .07 .12
P-7 .48 .39 .45 - .4 4 - .47 .41
P-8 .16 - .1 0 - .1 7 - .0 9 - .0 2 .15
P-9 .51 .42 .49 - .4 8 - .5 1 .43
P-10 .22 .23 .49 - .6 2 - .2 5 - .1 2
P - l l .44 .48 .67 - .6 0 - .5 3 .28
P-12 .20 - .0 1 .23 - .4 5 - .2 5 - .2 2
P-13 .38 .32 .54 - .5 3 - .4 9 .18
S - l - .3 6 - .8 0 - .9 5 .63 .73 - .2 3
S-2 - .2 1 - .3 0 - .4 7 .39 .59 .04
S-3 - .3 9 - .39 - .4 0 .28 .66 - .3 6
S-4 - .1 7 - .3 4 - .4 9 .36 .73 - .0 2
S-5 - .1 6 - .3 5 - .6 3 .56 .27 .25
S-6 .46 .62 .37 - .1 3 - .4 3 .84
S-7 .52 .57 .34 - .2 5 - .4 0 .85
S-8 - .2 0 - .4 1 - .6 1 .59 .28 .10
S-9 .12 - .1 1 - .5 0 .42 .19 .54
S-10 .02 - .2 6 - .5 4 .50 .19 .38
S - l l - .2 0 - .4 0 - .6 2 .59 .28 .12
S-12 .21 .04 - .3 8 .36 .08 .70
S-13 .12 - .1 4 - .4 6 .44 .11 .53
S-14 - .5 6 - .50 - .2 4 .13 .44 - .8 5
S-15 - .5 2 - .4 4 - .1 9 .08 .43 - .8 1
S-16 - .5 0 - .5 3 - .3 0 .15 .58 - .8 2
S-17 - .3 4 - .53 - .7 1 .55 .38 - .1 3
S-18 - .1 0 .20 .30 - .0 2 - .0 8 - .0 4
S-19 .00 .13 .23 - .2 2 .02 .03
S-20 - .3 1 - .5 0 - .6 5 .59 .33 - .1 3
S-21 - .3 8 - .65 - .8 1 .55 .55 - .2 9
S-22 - .3 0 - .58 - .7 4 .59 .40 - .1 5
S-23 - .3 3 - .51 - .6 7 .58 .35 - .1 3
S-24 - .4 8 - .68 - .8 2 .63 .60 - .3 5
S-25 - .3 3 - .62 - .77 .60 .45 - .1 6
S-26 .99 .42 .39 - .5 2 - .48 .58
S-27 .63 .56 .56 - .5 8 - .60 .53
S-28 1.00 .42 .37 - .52 - .5 0 .61
S-29 .42 1.00 .82 - .4 8 - .6 8 .62
S-30 .37 .82 1.00 - .6 3 - .7 1 .27
S-31 - .5 2 - .48 - .6 3 •1.00 .54 - .1 2
S-32 - .5 0 - .6 8 - .71 .54 1.00 - .4 3
S-33 .61 .61 .27 - .1 2 - .4 3 1.00
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Table 37. Simple correlation for crop 1, soil 21
S o l l -P la n t
Factors1 P - l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10
P - l 1.00 - .0 8 .92 - .0 3 .94 - .5 9 .98 - .5 6 .97 .19
P-2 - .0 8  . 1.00 .23 - .5 5 - .2 6 - .2 3 - .1 2 - .4 1 - .1 3 .25
P-3 .92 .23 1.00 - .2 4 .79 - .6 3 .90 - .6 7 .88 .29
P-4 - .0 3 - .5 5 - .2 4 1.00 .30 .10 .01 .45 .09 - .3 9
P-5 .94 - .2 6 .79 .30 1.00 - .5 2 .93 - .3 8 .95 .05
P-6 - .5 9 - .2 3  • - .6 3 .10 - .5 2 1.00 - .4 4 .93 - .5 1 - .2 1
P-7 .98 - .1 2 .90 .01 .93 - .4 4 1 .00 - .4 1 .97 .18
P-8 - .5 6 - .4 1 - .6 7 .45 - .3 8 .93 - .4 1 1.00 - .4 5 - .3 4
P-9 .97 - .1 3 .88 .09 .95 - .5 1 .97 - .4 5 1.00 .18
P-10 .19 .25 .29 - .3 9 • .05 - .2 1 .18 - .3 4 .18 1.00
P - l l .77 .10 .79 - .2 7 .63 - .4 8 .75 - .5 4 .75 .72
P-12 .29 .02 .23 . - .0 1 .29 - .7 0 .17 - .6 2 .20 .08
P-13 .97 - .1 2 .86 ' - .0 1 .92 - .6 9 .91 - .6 4 .91 .14
S - l - .6 7 .22 - .5 2 - .3 5 - .7 7 .48 - .6 3 .31 - .6 8 - .1 3
S-2 .22 .47 .45 - .8 0 - .0 8 - .2 4 .19 - .5 1 .14 .61
S-3 .26 .40 .46 - .6 6 .01 - .1 6 .26 - .4 0 .23 .71
. S-4 .26 .43 .47 - .6 9 - .0 0 - .2 4 .26 - .4 8 .21 .63 •
S-5 - .3 6 .11 - .3 2 - .3 2 - .4 4 .07 - .4 2 - .0 5 - .4 6 - .2 7
S-6 .34 .11 .34 .11 .36 - .6 1 .25 - .5 0 .29 - .2 2
S-7 .32 .15 .34 .08 .33 - .6 1 .23 - .5 2 .26 - .2 4
S-8 - .4 8 .14 - .4 3 - .4 0 - .5 8 .26 - .5 2 .10 - .5 5 - .0 7
S-9 - .0 1 .33 .09 - .6 1 - .2 0 - .0 9 - .0 6 - .2 9 - .1 2 - .0 4
S-10 - .3 4 .24 - .2 5 - .5 7 - .5 0 .15 - .3 8 - .0 5 - .4 5 .01
S - l l - .4 7 .14 - .4 2 - .4 0 - .5 7 .24 - .5 2 .08 - .5 5 - .1 0
S-12 .08 .31 .17 - .4 9 - .0 7 - .2 5 .01 - .3 8 - .0 3 - .1 0
S-13 - .2 9 .27 - .1 9 - .5 5 - .4 4 .05 - .3 4 - .1 3 - .4 0 - .0 3
S-14 - .0 1 .16 .12 - .4 3 - .1 8 .19 .04 - .0 1 .00 .64
S-15 .12 .21 .25 - .4 3 - .0 6 .09 .16 - .1 0 .13 .69
S-16 .13 .20 .27 - .4 2 - .0 5 .07 .17 - .1 2 .14 .74
S-17 - .5 4 - .0 4 - .5 3 - .1 6 - .5 6 .38 - .5 5 .29 - .5 9 - .2 5
S-18 .31 - .1 7 .27 .61 .48 - .4 2 .29 - .1 5 .35 - .3 2
S-19 .10 - .2 3 .04 .66 .28 - .4 1 .05 - .1 3 .12 - .3 7
S-20 - .5 5 .03 - .5 3 - .2 7 - .6 0 .43 - .5 7 .30 - .5 9 - .0 6
S-21 - .4 5 - .0 0 - .4 1 - .3 7 - .5 4 .64 - .3 8 .44 - .4 5 .16
S-22 - .5 5 .03 - .5 1 - .3 4 - .6 3 .51 - .5 3 .35 - .5 9 .07
S-23 - .5 6 .02 - .5 4 - .2 5 - .6 0 .43 - .5 8 .30 - .6 0 - .1 1
S-24 - .4 4 - .0 8 - .4 1 - .2 0 - .4 8 .63 - .3 6 .49 - .4 2 .06
S-25 - .5 6 - .0 0 - .5 4 - .2 7 - .6 2 .49 - .5 6 .35 - .6 1 .02
S-26 .57 .01 .53 - .1 2 .52 - .3 8 .55 - .3 9 .55 .16
S-27 .16 - .0 3 .11 .22 .25 - .2 0 .17 - .1 1 .18 .01
S-28 .56 .02 .54 - .1 4 .51 - .3 4 .56 - . 3 7 .55 .16
S-29 .53 - .0 7 .40 .15 .57 - .5 5 .43 - .4 5 .47 - .0 1
S-30 .54 - .1 6 .38 .20 .60 - .5 5 .44 - .4 3 .48 .01
S-31 - .5 2 .24 - .4 2 - .5 3 - .6 6 .28 - .5 5 .08 - .6 2 - .1 4
S-32 - .0 3 .36 .17 - .6 7 - .2 8 - .05 - .0 2 - .2 8 - .1 1 .63
S-33 .31 .27 .36 - .2 5 .22 - .4 7 .23 - .5 0 .23 - .1 1
/r/ >  .40 Significant at 5 percent
/r/ >  .51 Significant at 1 percent
^Crop-soil combinations and soil-plant factors are explained on page 88.
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Table 37 (Continued)
Pactorsant P"U  P"12 P"13 S_1 S"2 S“3 S"4 S"5 S"6 S"7
P - l .77 .29 .97 - .6 7 .22 .26 .26 - .3 6 .34 .32
P-2 .10 .02 - .1 2 .22 .47 .40 .43 .11 .11 .15
P-3 .79 .23 .86 - .5 2 .45 .46 .47 - .3 2 .34 .34
P-4 - .2 7 -.01 - .0 1 - .3 4 - .8 0 - . 6 6 - .6 9 - .3 2 .11 .08
P-5 .63 .29 .92 - .7 7 - .0 8 .01 - .0 0 - .4 4 .36 .33
P-6 -.A8 - .7 0 - .6 9 .48 - .2 4 - .1 6 - .2 4 .07 - .6 1 - .6 1
P-7 .75 .17 .91 - .6 3 .19 .26 .26 - .4 2 .25 .23
P-8 -.5A -.62 - .6 4 .31 - .5 1 - . 4 0 - .4 8 - .0 5 - .5 0 - .5 2
P-9 .75 .20 .91 - .6 8 .14 .23 .21 - .4 6 .29 .26
P-10 .72 .08 .14 - .1 3 .61 .71 .63 - .2 7 - .2 2 - .2 4
P - l l 1 .00 .1A .69' - . 5 6 .57 .7 0 .59 - .5 0 .07 .02
P-12 .1A 1.00 .50 - .3 5 .02 - . 1 0 .06 .23 .67 .67
P-13 .69 .50 1.00 - .7 0 .15 .16 .18 - .2 3 .46 .43
S - l . - .5 6 - .35 - .7 0 1 .00 .21 .10 .14 .59 - .3 5 - .2 4
S-2 .57 .02 .15 .21 1 .00 .91 .96 .08 .00 .05
S-3 .70 - .1 0 .16 .10 .91 1 .0 0 .89 - .2 0 - .1 3 - .1 2
S-A .59 .06 .18 .14 .96 .89 1.00 - .0 2 .05 .10
S-5 - .5 0 .23 - .2 3 .59 .08 - .2 0 - .0 2 1 .00 .09 . .19
S-6 .07 .67 .46 - .3 5 .00 - .1 3 .05 .09 1.00 .98
S-7 .02 .67 .43 - .2 4 .05 - .1 2 .10 .19 .98 1 .00
S-8 - .A l .01 - .4 0 .58 .16 - .0 7 .04 .85 - .2 3 - .1 6
S-9 - .0 8 .22 .04 .32 .50 .19 .45 .6 0 . .41 .46
S-10 - .2 7 .05 - .2 8 .55 .37 .07 .27 .81 - .0 3 .04
S - l l -.A3 .04 - .3 8 .60 .15 - . 0 9 .03 .89 - .1 8 - .1 1
S-12 - .0 5 .38 .16 .17 .43 .12 .40 .54 .63 .67
S-13 - .2 7 .17 - .2 0 .50 .37 .05 .29 .82 .14 .21
S-1A •A7 -.42 - .1 4 .24 .57 .75 .54 - .2 4 - .6 8 - .6 8
S-15 .59 - .36 - .0 2 .14 .65 .86 .63 - .3 2 - .53 - .5 4
S-16 .60 - .30 - .0 0 .14 .70 .85 .72 - .2 8 - .47 - .4 6
S-17 - .5 7 - .16 - .4 7 .64 - .1 4 - .2 7 - .2 6 .80 - .4 0 - .3 3
S-18 - .0 3 .35 .35 - .3 5 - .4 1 - . 3 6 - .3 2 - .2 5 .54 .57
S-19 - .2 3 .AO .18 - .2 1 - .5 0 - . 4 9 - .4 2 - .0 5 .41 .45
S-20 - .A l -.23 - .5 1 .56 .01 - .1 1 - .1 3 .66 - .4 9 - .4 5
S-21 - .1 9 - .60 - .5 3 .57 .14 .16 .04 .29 - .85 - .8 2
S-22 - .3 2 - .3 6 - .5 4 .59 .09 .01 - .0 3 .54 - .6 4 - .6 0
S-23 -.A5 -.21 - .5 1 .58 - .0 2 - . 1 4 - .1 6 .70 - .4 8 - .4 3
S-2A - .2 5 - .61 - .5 2 .58 - .0 1 .04 - .1 0 .26 - .8 4 - .8 0
S-25 - .3 7 -.33 - .5 5 .60 .02 - .0 5 - .0 9 .56 - .6 2 - .5 8
S-26 .A5 .20 .55 - .3 4 .30 .22 .32 - .1 2 .55 .53
S-27 .02 .12 .16 .07 - .1 3 - . 1 4 - .1 0 .03 - .0 2 .04
S-28 .A6 .17 .54 - .3 2 .33 .25 .34 - .1 1 .52 .50
S-29 .37 .55 .63 - .6 9 - .0 8 - .0 7 - .0 5 - .2 5 .75 .63
S-30 .39 . .51 .64 - .7 1 - .1 4 - .1 1 - .1 3 - .2 8 .61 .49
S-31 - .5 0 .02 - .4 3 .70 .22 - .0 4 .10 .89 - .11 - .0 4
S-32 .38 - .06 - .0 9 .36 .78 .77 .73 .02 - .25 - .1 9




ctors S-8 S-9 S-10 S - l l S-12 S-13 S-14 S-15 S-16 S-17
P - l - .4 8 - .0 1 - .3 4 - .47 .08 - .2 9 - .0 1 .12 .13 - .5 4
P-2 .14 .33 .24 .14 .31 .27 .16 .21 .20 - .0 4
P-3 - .4 3 .09 - .25 -.42 .17 - .1 9 .12 .25 .27 - .5 3
P-4 - .4 0 - .6 1 - .57 - .4 0 - .49 - .5 5 - .4 3 - .4 3 - .4 2 • - .1 6
P-5 - .5 8 - .2 0 - .5 0 -.57 - .07 - .4 4 - .1 8 - . 0 6 - .05 - .5 6
P-6 .26 - .0 9 .15 .24 - .25 .05 .19 .09 .07 .38
P-7 - .5 2 - .0 6 - .3 8 - .52 .01 - .3 4 .04 .16 .17 - .5 5
P-8 .10 - .2 9 - .0 5 .08 - .3 8 - .1 3 - .0 1 - . 1 0 - .1 2 .29
P-9 - .5 5 - .1 2 - .45 -.55 - .03 - .4 0 .00 .13 .14 - .5 9
P-10 - .0 7 - .0 4 .01 - .1 0 - .1 0 - .0 3 .64' .69 .74 - .2 5
P - l l - .4 1 - .0 8 - .27 ‘ - .43 - .05 - .2 7 .47 .59 .60 - .5 7
P-12 .01 .22 .05 .04 .38 .17 - .4 2 - .3 6 - .29 - .1 6
P-13 - .4 0 .04 - .2 8 -.38 .16 - .2 0 - .1 4 - .0 2 - .0 0 - .4 7
S - l .58 .32 .55 .60 .17 .50 .24 .14 .14 .64
S-2 .16 .50 .37 .15 .43 .37 .57 .65 .70 - .1 4
S-3 - .0 7 .19 .07 - .09 .12 .05 .75 .86 .85 - .2 7
S-4 .04 .45 .27 .03 .40 .29 .54 .63 .72 - .2 6
S-5 .85 .60 .81 .89 .54 .82 - .2 4 - .3 2 - .2 8 .80
S-6 - .2 3 .41 - .0 3 - .18 .63 .14 - .6 8 - .5 3 - .47 - .4 0
S-7 - .1 6 .46 .04 -.11 .67 .21 - .6 8 - .5 4 - .4 6 - .3 3
S-8 1.00 .50 .90 .99 .37 .85 .02 - .1 1 - .0 9 .83
S-9 .50 1.00 .78 .53 .97 .84 - .2 9 - .2 3 - .1 6 .15
S-10 .90 .78 1.00 .90 .66 .98 - .0 5 - .1 3 - .0 8 .62
S - l l 1 .00 .53 .90 1.00 .40 .86 - .0 2 - .1 5 - .1 2 .84
S-12 .37 . .97 .66 .40 1.00 .76 - .4 4 - .3 5 - .27 .02
S-13 .85 .84 .98 .86 .76 1.00 - .1 7 - .2 2 - .1 6 .55
S-14 .02 - .2 9 - .0 5 - .02 - .4 4 - .1 7 1 .00 .97 .93 .06
S-15 - .1 1 - .2 3 - .13 - .15 - .3 5 - .2 2 .97 1 .00 .96 - .0 9
S-16 - .0 9 - .1 6 - .08 - .12 - .27 - .1 6 .93 .96 1.00 - .1 3
S-17 .83 .15 .62 .84 .02 .55 .06 - .0 9 - .1 3 1.00
S-18 - .4 8 - .3 1 - .4 9 - .45 -.11 - .3 8 - .5 0 - .4 4 - .4 1 - .3 7
S-19 - . 3 6 - .4 2 - .4 5 - .32 - .24 - .3 7 - .4 4 - .4 5 - .4 0 - .1 2
S-20 .91 .18 .71 .89 .02 .61 .21 .04 .01 .89
S-21 .56 - .0 2 .43 .53 - .25 .28 .59 .45 .38 .68
S-22 .82 .14 .69 .79 - .0 6 .57 .37 .21 . .16 .83
S-23 .91 .17 .70 .90 .02 .61 .18 .01 - .02 .92
S-24 .50 - .1 6 .33 .47 - .37 .18 .53 .37 .30 .70
S-25 .82 .09 .67 .80 - .1 0 .55 .33 .16 .11 .86
S-26 - .28 .48 .00 - .2 6 .56 .09 - .2 7 - .1 1 - .0 6 - .4 8
S-27 - .0 2 - .0 7 - .0 6 - .01 - .0 6 - .0 6 - .1 2 - .1 2 - .09 - .0 4
S-28 - .2 6 .48 .01 - .24 .55 .09 - .2 4 - .0 7 - .02 - .4 6
S-29 - .3 6 .16 -.21 - .35 ' .34 - .0 9 - .4 6 - .3 1 -.31 - .5 1
S-30 - .3 5 .03 - .25 -.35 .20 - .1 6 - .3 8  . - . 2 6 -.27 - .4 6
S-31 .84 .65 .86 .86 .53 .84 - .0 5 - .1 4 - .12 .78
S-32 .09 .21 .22 .08 .12 .18 .66 .65 .70 - .0 5
S-33 .00 .76 .29 .04 .89 .44 - .5 7 - .4 2 - .3 4 - .3 4
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S o i l -P la n t  s _18 s . 19 s . 20 s . 21
P - l .31 .10 - .55 - .4 5
P-2 - .1 7 - .23 .03 - .0 0
P-3 .27 .04 - .53 - .4 1
P-4 .6 i .66 - .27 - .3 7
P-5 .48 .28 - .6 0 - .5 4
P-6 - .4 2 -.41 .43 .64
P-7 .29 .05 -.57 - .3 8
P-8 - .1 5 -.13 .30 .44
P-9 .35 .12 - .59 - .4 5
P-10 - .32 -.37 - .0 6  • . .16
P - l l - .0 3 -.23 .- •41 - .1 9
P-12 .35 .40 -.23 - . 6 0
P-13 .35 .18 -.51 - .5 3
S - l - .3 5 - .2 1 .56 .57
S-2 - .4 1 - .5 0 .01 .14
S-3 - .3 6 - .49 -.11 .16
S-4 - .3 2 - .42 - .13 .04
S-5 - .2 5 - .05 .66 .29
S-6 .54 .41 - .49 - .8 5
S-7 .57 .45 - .45 - .8 2
S-8 - .4 8 - .3 6 .91 .56
S-9 - .3 1 -.42 .18 - .0 2
S-10 - .4 9 - .45 .71 .43
S - l l - .4 5 - .32 .89 .53
S-12 - .1 1 - .2 4 .02 - .2 5
S-13 - .3 8 - .37 .61 .28
S-14 - .5 0 - .44 .21 .59
S-1S - .4 4 -.45 .04 .45
S-16 - .4 1 - .4 0 .01 .38
S-17 - .3 7 - .1 2 .89 .68
S-18 1.00 .84 -.51 - .7 3
S-19 .84 1.00 - .3 8 - .6 0
S-20 - .5 1 -.38 1.00 .75
S-21 - .7 3 - .6 0 .75 1 .00
S-22 - .6 1 -.48 .94 ;88
S-23 - .4 9 - .33 .99 .75
S-24 - .4 8 - .39 .73 .95
S-25 - .5 3 -.37 .95 .85
S-26 .13 -.17 - .49 - .4 1
S-27 .27 .23 . - .11 - .1 3
S-28 .12 - .19 -.47 - .3 9
S-29 .31 .12 - .4 6 - .6 9
S-30 .29 .13 - .41 - .6 0
S-31 - .5 3 - .3 6 .70 .53
S-32 - .3 4 -.35 .04 .28
S-33 .20 - .0 0 - .34 - .6 3
S-22 S-23 S-24 S-25 S-26 S-27
- .5 5 - . 5 6 - .4 4 - .5 6 .57 .1 6
.03 .02 - .0 8 - .0 0 .01 - .0 3
- .5 1 r .5 4 - .4 1 - .5 4 .53 .11
- .3 4 - .2 5 - .2 0 - .2 7 - .1 2 .22
- .6 3 - . 6 0 - .4 8 - .6 2 .52 .25
.51 .43 .63 .49 - .3 8 - .2 0
- .5 3 - .5 8 - .3 6 - .5 8 - .5 5 .17
.35 .30 .49 .35 - .3 9 - .1 1
- .5 9 - . 6 0 - .4 2 - .6 1 .55. .18
.07 - .1 1 .06 .02 .16 .01
- .3 2 - .4 5 - .2 5 - .3 7 .45 .02
- .3 6 - .2 1 - .6 1 - .3 3 .20 .12
- .5 4 - .5 1 - .5 2 - .5 5 .55 .16
.59 .58 .58 .60 - 34 .07
.09 - .0 2 - .0 1 .02 .30 - .1 3
.01 - .1 4 .04 - .0 5 .22 - .1 4
- .0 3 - .1 6 - . 1 0 - .0 9 .32 - . 1 0
.54 .70 .26 .56 - .1 2 .03
- .6 4 - .4 8 - .8 4 - .6 2 .55 - .0 2
- .6 0 - .4 3 - . 8 0 - .5 8 .53 .04
.82 .91 .50 .82 - .2 8 - .0 2
.14 .17 - .1 6 .09 .48 - .0 7
.69 .70 .33 .67 .00 - .0 6
.79 .90 .47 .80 - .2 6 - .0 1
- .0 6 .02 - .3 7 - .1 0 .56 - . 0 6
.57 .61 .18 .55 .09 - .0 6
.37 .18 .53 .33 - .2 7 - .1 2
.21 .01 .37 .16 - .11 - .1 2
.16 - .0 2 .30 .11 - .0 6 - .0 9
.83 .93 .70 .86 - .4 8 - .0 4
- .6 1 - . 4 9 - .4 8 - .5 3 .13 .27
- .4 8 - .3 3 - .3 9 - .3 7 - .17 .23
.94 .99 .73 .95 - .4 9 - .1 1
.88 .75 .95 .85 - .4 1 - .1 3
1.00 .94 .85 .99 - .4 9 - .1 5
.94 1 .00 .73 .95 - .5 0 - .0 9
.85 .73 1 .00 .85 - .47 - .0 5
.99 .95 .85 1 .00 - .5 4 - .1 2
- .4 9 - . 5 0 - .4 7 - .5 4 1.00 .21
- .1 5 - .0 9 - .0 5 - .1 2 .21 1.00
- .4 7 - .4 8 - .4 5 - .5 3 .99 .22
- .5 6 - .4 8 - .7 4 - .5 7 .56 - .0 5
- .4 9 - .4 2 - .6 4 - .5 0 .49 .03
.68 .73 .44 .67 - .1 6 - .1 8
.19 .02 .21 .15 - .0 4 - .1 9
- .4 5 - .3 4 - .7 2 - .4 8 .66 - .0 5
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S o l l -P la n t
Factors S-28 S-29 S-30 S-31 S-32 S-33
P - l .56 .53 .54 - .5 2 - .0 3 .31
P-2 .02 - .0 7 - .1 6 .24 .36 .27
P-3 .54 .40 .38 - .4 2 .17 .36
P-4 - .1 4 .15 .20 - .5 3 - .67 - .2 5
P-5 .51 .57 .60 - .6 6 - .28 .22
P-6 - .3 4 - .5 5 - .5 5 .28 - .05 - .4 7
P-7 .56 .43 .44 - .5 5 - .02 .23
P-8 - .3 7 - .4 5 - .4 3 .08 - .2 8 - .5 0
P-9 .55 .47 .48 - .6 2 - .1 1 .23
P-10 .16 - .0 1 .01 • - .1 4 .63 - .1 1
P - l l .46 .37 .39 - .5 0 .38 .11
P-12 .17 .55 .51 .02 - .0 6 .54
P-13 .54 .63 .64 - .4 3 - .09 .39
S - l - .3 2 - .6 9 - .7 1 .70 .36 - .1 8
S-2 .33 - .0 8 - .1 4 .22 .78 .30
S-3 .25 - .0 7 - .1 1 - .0 4 .77 .08
S-4 .34 - .0 5 - .1 3 .10 .73 .32
S-5 - .1 1 - .2 5 - .2 8 .89 .02 .22
S-6 .52 .75 .61 - .1 1 -.25 .88
S-7 .50 .63 .49 - .0 4 - .1 9 .88
S-8 - .2 6 - .3 6 - .3 5 .84 .09 .00
S-9 .48 .16 .03 .65 .21 .76
S-10 .01 - .2 1 - .2 5 .86 .22 .29
S - l l - .2 4 - .3 5 - .3 5 .86 .08 .04
S-12 .55 • .34 .20 .53 .12 .89
S-13 .09 - .0 9 - .1 6 .84 .18 .44
S-14 - .2 4 - .4 6 - .3 8 - .0 5 .66 - .5 7
S-15 - .0 7 - .3 1 - .2 6 - .1 4 .65 - .4 2
S-16 - .0 2 - .3 1 - .2 7 - .1 2 .70 - .3 4
S-17 - .4 6 - .5 1 - .4 6 .78 - .0 5 - .3 4
S-18 .12 .31 .29 - .5 3 - .3 4 .20
S-19 - .1 9 .12 .13 - .3 6 - .35 - . 0 0
S-20 - - .4 7 - .4 6 - .4 1 .70 .04 - .3 4
S-21 - .3 9 - .6 9 - .6 0 .53 .28 - .6 3
S-22 - .4 7 - .5 6 - .4 9 .68 .19 - .4 5
S-23 - .4 8 - .4 8 - .4 2 .73 .02 - .3 4
S-24 - .4 5 - .7 4 - .6 4 . .44 .21 - .7 2
S-25 - .5 3 - .57 - .5 0 .67 .15 - .4 8
S-26 .99 .56 .49 - .1 6 - .0 4 .66
S-27 .22 - .0 5 .03 - .1 8 - .1 9 - .0 5
S-28 1.00 .52 .45 - .1 6 - .0 2 .65
S-29 .52 1.00 .97 - .3 7 - .38 .64
S-30 .45 .97 1.00 - .4 1 - .4 1 .49
S-31 - .1 6 - .3 7 - .4 1 1.00 .24 .13
S-32 - .0 2 - .3 8 - .4 1 .24 1.00 - .0 6
S-33 .65 .64 .49 .13 - .0 6 1 .00
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Table 38. Simple co r r e la t io n  for  crop 2, a o l l  1*
S o i l -P la n e
F actors1 P -l P-2
P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10
P - l 1.00 - .16 .58 .39 .88 - .0 7 .65 .21 .87 - .4 6
P-2 - .1 6 1.00 .69 - .1 8 - .1 8 .29 .05 .07 - .0 8 .01
P-3 .58 .69 1.00 .10 .47 .19 .51 .18 .55 - .2 7
P-4 .39 - .18 .10 1.00 .77 .06 .30 .70 .63 - .0 5
P-5 .88 - .18 .47 .77 1.00 .03 .65 .53 .94 - .3 4
P-6 - .07 .29 .19 .06 .03 1.00 .70 .75 .33 - .2 8
P-7 .65 .05 .51 .30 .65 .70 1.00. .70 .86 - .5 2
P-8 .21 .07 .18 .70 .53 .75 .70 1.00 .66 - .2 4
P-9 .87 - .0 8 .55 .63 94 .33 .86 .66 1.00 - .4 8
P-10 - .4 6 .01 - .2 7 - .0 5 - .3 4 - .2 8 - .5 2 - .2 4 - .4 8 1 .00PtII .25 - .0 3 .21 .15 .26 - .2 3 .01 - .0 7 .15 .71
S - l .05 .17 .20' - .3 1 - .1 1 .46 .35 .12 .10 - .4 3
S-2 - .1 1 .02 .05 ' - .5 8 - .3 8 - .0 0 - .0 8 - .3 8 - .2 7 .12
S-3 .08 .14 .27 - .4 5 - .1 7 - .1 0 - .0 4 - .3 7 - .1 2 .28
S-4 .04 .03 .16 - .4 4 - .1 9 - .0 1 .03 - .3 0 - .1 1 .14
S-5 - .3 7 .10 - .2 0 - .4 0 - .4 6 .39 .01 .02 - .2 8 - .3 9
S-6 - .1 4 - .17 - .2 5 .42 .09 - .2 2 - .2 3 .12 - .0 5 - .0 4
S-7 - .1 3 -.17 - .2 3 .45 .12 - .1 7 - .1 8 .17 - .0 1 - .0 4
S -8 - .2 9 .21 - .0 9 - .4 5 - .4 4 .43 .09 .02 - .2 3 - .3 8
S -9 - .3 6 - .0 3 - .27 - .3 8 - .4 5 .31 - .0 0 - .0 3 - .2 8 - .3 3
S-10 - .3 1 .09 - .1 7 - .3 5 - .4 0 .42 .09 .08 - .2 0 - .4 3
S - l l - .3 1 .19 - .1 0 - .4 4 - .4 5 .43 .08 .02 - .2 4 - .3 9
S-12 . - .3 7 - .07 - .31 - .2 6 - .4 0 .24 - .0 6 .00 - .2 7 - .3 1
S-13 - .3 2 .05 - .2 1 - .2 5 - .3 7 .38 .06 .11 - .2 0 - .4 3
S-14 .19 .19 .33 - .3 7 - .0 4 - .0 5 .05 - .2 9 - .0 0 .23
S-15 .21 .20 .36 - .3 2 - .0 0 - .1 1 .03 - .3 0 .01 .30
S-16 .29 .19 .40 - .3 1 .05 - .0 6 .12 - .2 5 .09 .24
S-17 - .3 1 .20 - .0 7 - .4 4 - .4 3 .41 .06 .01 - .2 4 - .3 2
S-18 .39 .07 .31 .61 .57 - .2 4 .10 .23 ‘ .40 - .0 5
S-19 .41 .05 .34 .70 .64 - .2 1 .13 .30 .47 - .0 5
S-20 - .2 8 .26 - .0 3 - .4 8 - .4 4 .43 .09 - .0 1 - .2 3 - .3 4
S-21 - .1 7 .18 .04 - .5 7 - .3 8 .42 .18 - .0 8 - .1 6 - .2 9
S-22 - .2 0 .24 . .02 - .4 7 - .3 7 .48 .19 .04 - .1 4 - .4 1
S-23 - .2 9 .25 - .0 4 - .4 8 - .4 4 .43 .08 - .0 1 - .2 4 - .3 4
S-24 - .0 5 .24 .16 - .4 3 - .2 4 .39 .24 - .0 1 - .0 4 - .3 6
S-25 - .1 3 .28 .09 - .3 7 - .2 7 .49 .24 .11 - .0 5 - .4 7
S-26 - .0 6 -.26 - .2 4 .30 .12 .16 .12 .32 .12 .12
S-27 - .2 4 - .25 - .3 6 .27 - .0 4 .07 - .1 0 .24 - .0 8 .27
S-28 - .07 - .24 - .2 3 .28 .10 .18 .13 .32 .11 .08
S-29 - .2 1 - .29 - .3 9 .19 - .0 6 - .5 2 - .47 .24 - .2 6 .33
S-30 .01 - .29 - .2 4 .43 .21 - .4 3 - .2 9 - .0 2 - .0 1 .40
S-31 .03 -.08 - .0 7 - .37 - .2 0 - .0 2 - .0 3 - .2 5 - .1 3 - .4 5
S-32 .23 .21 .39 - .2 9 .02 .07 .18 - .1 5 .10 - .0 5
S-33 - .4 0 - .2 3 - .4 6 .10 - .2 5 . - .0 8 - .3 0 .01 - .2 9 .00
/ r /  >  .AO S ig n if ic a n t  at 5 percent  
/ r /  >  .51 S ig n if ica n t  at 1 percent 
^Crop-soil combinations and so i l -p la n e  factors  arc explained on page 88.
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Table 38 (Continued)
Soi. 1-Plant  
Factors P - l l S - l S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9
P - l .25
•
.05 - .1 1 .08 .04 - .3 7 - .1 4 - .1 3 - .2 9 - .3 6
P-2 - .0 3 .17 .02 .14 .03 .10 - .1 7 - .1 7 - .2 1 - .0 3
P-3 .21 .20 .05 .27 .16 - .1 9 - .2 5 - .2 3 - .0 9 - .2 7
P-4 .15 - .3 1 - .5 8 - .4 5 - .4 4 - .3 9 .42 .45 - .4 5 - .3 8
P-5 .26 - .1 1 - .3 8 - .1 7 - .1 9 - .4 6 .09 .12 - .4 4 - .4 5
P-6 - .2 3 .46 - .0 0 - .1 0 - .0 1 .39 - .2 2 - .1 7 .43 .31
P-7 .01 .35 - .0 8 - .0 4 .03 .01 - .2 3 - .1 8 .09 - .0 0
P-8 - .0 7 .12 - .3 8 - .3 7 - .3 0 .02 .12 .17 .02 - .0 3
P-9 .15 . .10 - .2 7 - .1 2 - .1 1 - .2 8 - .0 5 - .0 1 - .2 3 - .2 8
P-10 .71 - .4 3 .1 2 ' .28 .14 - .3 9 - .0 4 - .0 4 - .3 8 - .3 3
P - l l 1 .00 - .3 8 .09 .39 .19 - .6 1 - .2 8 - .2 5 - .5 4 - .5 7
S - l - .3 8 1.00 .49 .40 .52 .64 - .3 3 - .2 8 .61 .53
S-2 .09 .49 1.00 .84 .92 .42 - .1 8 - .1 8 .38 .48
S-3 .39 .40 .84 1.00 .85 .07 - .4 2 - .4 3 .09 .02
S-4 .19 .52 .92 .85 1.00 .23 - .1 4 .11 .20 .34
S-5 .61 .64 .42 .07 .23 1.00 - .0 5 - .0 5 .94 .88
S-6 - .2 8 - .3 3 - .1 8 - .4 2 - .1 4 - .0 5 1 .00 .97 - .2 0 .18
S-7 - .2 5 - .2 8 - .1 7 - .4 3 - .1 1 - .0 5 .97 1 .00 - .2 4 .21
S-8 - .5 4 .61 .38 .09 .20 .94 - .2 0 - .2 4 1 .00 .81
S-9 - .5 7 .53 -48 .02 .34 .88 .18 .21 .81 1 .00
S-10 - .6 2 .56 .37 - .0 2 .23 .93 .05 .05 .93 .95
S - l l - .5 6 .62 .39 .09 .21 .96 . - .1 8 - .2 1 1.00 .83
S-12 - .6 0 .42 .40 - .0 7 .29 .81 .40 .42 .71 .97
S-13 - .6 5 .50 .33 - .1 0 .20 .90 .23 .24 .86 .96
S-14 .45 .17 .32 .67 .31 - .2 2 - .8 3 - .8 5 - .0 8 - .4 4
S-15 .51 .13 .32 .72 .34 - .2 9 - .7 7 - .7 9 - .1 6 - .4 9
S-16 .51 .24 .37 .74 .46 - .2 7 - .7 6 - .7 6 - .1 4 - .4 4
S-17 - .4 6 .71 .34 .18 .17 .90 - .3 8 - .3 9 .88 .66
S-18 .11 - .3 0 - .3 3 - .1 2 - .1 6 - .4 7 .45 .35 - .4 5 - .4 8
S-19 .16 -.19 - .3 9 - .2 4 - .1 5 - .4 7 .49 .53 - .5 8 - .4 4
S-20 - .4 6 .63 .33 .16 .15 .86 - .3 9 - .4 4 .95 .66
S-21 - .3 2 .80 .48 .36 .35 .77 - .5 8 - .5 7 .82 .61
S-22 - .4 7 .73 .34 .17 .20 .87 - . ' 3 - . 4 4 .94 .70
S-23 - .4 7 .66 .34 .17 .16 .88 - .3 9 - .4 3 .95 .67
S-24 - .3 3 .81 .43 .38 .35 .72 - .5 1 - .5 3 .78 .53
S-25 - .4 9 .77 .30 .14 .19 .86 - .3 7 - .3 8 .92 .68
S-26 .09 - .3 8 - .2 4 - .3 9 - .1 9 - .1 9 .43 .49 - .2 3 .07
S-27 .15 - .5 3 - .2 2 - .3 6 - .2 9 - .2 2 .40 .45 - .2 7 .02
S-28 .04 - .3 6 - .2 1 - .3 9 - .1 7 - .1 6 .46 .52 - .2 0 .12
S-29 .11 - .8 0 - .3 0 - .3 9 - .3 4 - .3 5 .62 .57 - .4 1 - .1 1
S-30 .39 - .9 5 - .4 7 - .4 0 - .4 9 - .6 3 .37 .34 - .6 1 - .5 0
S-31 - .5 3 .63 .39 .28 .36 .56 - .1 3 - .2 5 .59 .42
S-32 .14 .73 .59 .66 .73 .27 - .4 3 - .4 0 .28 .19
S-33 - .3 7 - .2 3 .04 - .3 6 - .0 2 .25 .84 .85 .10 .54
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Tabic 38 (Continued)
S o t l-P la n t
Factors S-10 S - l l S-12 S-13 S-14 S-15 S-16 S-17 S-18 S-19
P - l - .3 1 - .31 - .3 7 - .3 2 .19 .21 .29 - .3 1 .39 .41
P-2 .09 .19 - .0 7 .05 .19 .20 .19 .20 .07 .05
P-3 - .1 7 - .1 0 - .3 1 - .2 1 .33 .35 .40 - .0 7 .31 .34
P-4 - .3 5 - .4 4 - .2 6 - .2 5 - .3 7 - .3 2 - .3 1 - .4 4 .61 .70
P-5 - .4 0 - .4 5 - .4 0 - .37 - .0 4 - .0 0 .05 - .4 3 .57 .64
P-6 .42 .43 .24 .38 - .0 5 - .11 - .0 6 .41 - .2 4 - .2 1
P-7 .09 .08 - .0 6 .06 .05 .03 .12 .06 .10 .13
P-8 .08 .02 .00 .11 - .2 9 - .2 9 - .2 5 .01 .23 .30
P-9 - .2 0 - .2 4 - .2 7 - .2 0 - .0 0 .01 .09 - .2 4 .40 .47
P-10 - .4 3 - .3 9 - .3 1 - - .4 3 .23 .29 .24 - .3 2 - .0 5 - .0 5
P - l l - .6 2 - .5 6 - .6 0 - .6 5 .45 .51 .51 - .4 6 .11 .16
S - l .56 .62 .42 .50 .17 .13 .24 .71 - .3 0 - .1 9
S-2 .37 .39 .40 .33 .32 .32 .37 .34 - .3 3 - .3 9
S-3 - .0 2 .09 - .0 7 - .1 0 .67 .72 .74 .18 - .1 2 - .2 4
S-4 .23 .21 .30 .20 .31 .34 .46 .17 - .1 6 - .1 5
S-5 .93 .96 .81 .90 - .2 2 - .2 9 - .2 7 .90 - .4 7 - .4 7
S-6 .05 - .1 8 .40 .23 - .83 - .7 7 - .7 6 - .3 8 .45 .49
S-7 . .05 - .2 1 .42 .24 - .8 5 - .7 9 - .7 6 - .3 9 .35 .53
S-8 .93 1.00 .71 .86 - .0 8 - .1 6 - .1 4 .88 - .4 5 - .58
S-9 .95 .83 .97 .96 . - .4 4 - .4 9 - .4 4 .66 - .4 8 - .4 4
S-10 1.00 .94 .89 .98 - .3 5 - .4 0 - .3 7 .76 - .4 4 - .4 8
S - l l .94 1.00 .73 .88 - .1 0 - .1 8 - .1 6 .89 - .4 6 - .5 7
S-12 .89 .73 1.00 .95 - .6 0 - .6 3 - .5 8 .53 - .3 5 - .3 0
S-13 .98 .88 .95 1.00 - .5 0 - .5 4 - .5 0 .66 - .3 6 - .3 7
S-14 - .3 5 - .1 0 - .6 0 - .5 0 1.00 .98 .96 .09 - .1 6 - .2 9
S-15 - .4 0 - .1 8 - .6 3 - .5 4 .98 1.00 .96 .01 - .0 9 - .2 3
S-16 - .3 7 - .1 6 - .5 8 - .5 0 .96 .96 1 .00 .01 - .0 6 - .1 4
S-17 .76 .89 .53 .66 .09 .01 .01 1 .00 - .4 9 - .5 3
S-18 - .4 4 - .4 6 - .3 5 - .3 6 - .1 6 - .09 - .0 6 - .4 9 1.00 .79
S-19 - .4 8 - .5 7 - .3 0 - .37 - .2 9 - .2 3 - .1 4 - .5 3 .79 1.00
S-20 .80 .95 .52 .70 .12 .03 .03 .94 - .4 5 - .6 2
S-21 .68 .81 .43 .56 .30 .22 .25 .92 - .5 6 - .6 1
S-22 .83 .94 .55 .72 .11 .03 .05 .94 - .4 8 - .5 9
S-23 .80 .94 .53 .70 .11 .03 .03 .97 - .4 7 - .6 0
S-24 .63 .77 .38 .51 .29 .22 .27 .89 - .2 7 - .4 1
S-25 .82 .92 .55 .73 .06 - .0 2 :o3 .94 - .3 6 - .4 4
S-26 - .0 2 - .2 3 .17 .07 - .5 4 - .4 9 - .4 8 - .3 6 - .1 0 .01
S-27 - .0 9 - .2 6 .12 - .0 0 - .4 7 - .4 4 - .5 2 - .3 2 - .0 3 - .0 2
S-28 .02 - .2 0 .21 .12 - .5 6 - .5 2 - .5 0 - .3 4 - .1 0 .00
S-29 - .2 6 - .4 0 .04 - .1 4 - .5 0 - .4 4 - .5 3 - .5 3 .19 .13
S-30 - .5 4 - .6 2 - .3 8 - .4 6 - .2 4 - .1 9 - .3 0 - .7 1 .30 .23
S-31 .50 .59 .36 .44 ; 13 .08 .15 .55 - .0 2 - .2 2 -
S-32 .19 .28 .08 .11 .44 .43 .58 .38 - .0 8 .02
S-33 .38 .12 .70 .53 - .8 5 - .8 1 - .8 2 - .1 3 - .0 4 .03
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Table 38 (Continued)
S o i l -P la n t  s _20 s _21 g_22 s _23 g_24 s . 25 g_26 g_27 s _28 g _29
Factors _________ __________________________________________________________________________
P - l - .2 8 - .1 7 - .2 0 - .2 9 - .0 5 - .13 - .0 6 - . 2 4 - .0 7 - .2 1
P-2 .26 .18 .24 .25 .24 .28 - .2 6 - .2 5 - .2 4 - .2 9
P-3 - .0 3 .04 .02 - .0 4 .16 .09 - .2 4 - . 3 6 - .2 3 - .3 9
P-4 - .4 8 - .5 7 -.47 - .4 8 - .4 3 -.37 .30 .27 .28 .19
P-5 - .4 4 - .3 8 - .37 - .4 4 - .2 4 -.27 .12 - . 0 4 .10 - .0 6
P-6 .43 .42 .48 .43 .39 .49 .16 .07 .18 - .5 2
P-7 .09 .18 .19 .08 .24 .24 .12 . - . 1 0 .13 - .4 7
P-8 - .0 1 - .0 8 .04 - .0 1 - .0 1 .11 .32 .24 .32 - .2 4
P 9 - .2 3 - .1 6 - .1 4 - .2 4 - .0 4 -.05 .12 - .0 8 .11 - . 2 6
P-10 - .3 4 - .2 9 -.41 - .3 4 - .3 6 -.47 .12 .27 .08 .33
P - l l - .4 6 - .32 -.47  * - .4 7 - i3 3 - .49 .09 .15 .04 .11
S - l .63 .80 .73 .66 .81 .77 - .3 8 - .5 3 - .3 6 - .8 0
S-2 .33 .48 .34 .34 .43 .30 - .2 4 - .2 2 - .2 1 - .3 0
S 3 .16 .36 .17 .17 .38 .14 - .3 9 - .3 6 - .3 9 - .3 9
S-4 .15 .35 .20 .16 .35 .19 - .1 9 - .2 9 - .1 7 - . 3 4
S-5 .86 .77 .87 .88 .72 .86 - .1 9 - .2 2 - .1 6 - .3 5
S-6 - .3 9 - .5 8 - .43 - .3 9 - .5 1 -.37 .43 .40 .46 .62
S-7 - .4 4 - .57 -.44 - .4 3 - .5 3 -.38 .49 .45 .52 .57
S-8 .95 .82 .94 .95 .78 .92 - .2 3 - .2 7 - .2 0 - .4 1
S-9 .66 .61 .70 .67 .53 .68 .07 .02 .11 - .1 1
S-10 .80 .68 .83 .80 .63 .82 - .0 2 - .0 9 .02 - .2 6
S - l l .95 .81 .94 .94 .77 .92 - .2 3 - . 2 6 - .2 0 - . 4 0
S-12 .52 .44 .55 .53 .38 .55 .17 .12 .21 .04
S-13 .70 .56 .72 . .70 .51 .73 .07 - . 0 0 .12 - . 1 4
S-14 .12 .30 .11 .11 .29 .06 - .5 4 - .4 7 - .5 6 - .5 0
S-15 .03 .21 .03 .03 .22 -.02 - .4 9 - .4 4 - .5 2 - .4 4
S-16 .03 .25 .05 .03 .27 .03 - .4 8 - .5 2 - .5 0 - .5 3
S-17 .94 .92 .94 .97 .89 .94 - .3 6 - .3 2 - .3 4 - .5 3
S-18 - .4 5 - .5 6 - .48 - .4 7 - .2 7 - .36 - .0 9 - .0 3 - .1 0 .20
S-19 - .62 - .6 1 - .6 0 - .6 0 - .4 1 - .44 .01 - .0 2 .00 .13
S-20 1.00 .90 .98 1.00 .87 .96 - .3 3 - .3 3 - .32 - . 5 0
S-21 .90 1.00 .94 .92 .95 .91 - .4 0 - .3 9 - .3 8 - .6 5
S-22 .98 .94 1.00 .98 .91 .98 - .3 2 - .3 4 - .3 0 - .5 8
S-23 1.00 .91 .98 1.00 .89 .96 - .3 4 - .3 3 - .3 3 - .5 1
S-24 .87 .95 .91 .89 1 .00 .92 - .5 0 - .4 6 - .4 8 - .6 8
S-25 .96 .91 .98 .96 .92 1.00 - .3 5 - .3 9 - .3 3 - .6 2
S-26 - .3 3 - .4 0 -.32 - .3 4 - .5 0 -.35 1.00 .63 .99 .42
S-27 - .3 3 - .3 9 -.34 - .3 3 - .4 6 -.39 .63 1 .00 .63 .56
S-28 - .3 1 - .3 8 - .3 0 - .3 3 - .4 8 -.33 .99 .63 1.00 .42
S-29 - .5 0 - .6 5 -.58 - .5 1 - .6 8 -.62 .42 .56 .42 1 .00
S-30 - .6 5 - .8 1 -.74 - .6 7 - .8 2 -.77 .39 .56 .37 .82
S-31 .59 .55 .59 .58 .63 .60 - .5 2 - .5 8 -.52 - .4 8
S-32 .33 .55 .40 .35 .60 .45 - .4 8 - . 6 0 - .5 0 - .6 8
S-33 - .1 2 - .2 9 -.15 - .1 3 - .3 5 - .16 .58 .53 .61 .62
137
Table 3£
S o i l -P la n t
Factors S-30 S-31 S-32 S-33
P - l .01 .03 .23 - .4 0
P-2 - .2 9 - .0 8 .21 - .2 3
P-3 - .2 4 - .0 7 .39 - .4 6
P-4 .43 - .3 7 - .29 .10
P-5 .21 - .2 0 .02 - .2 5
P-6 - .4 3 - .0 2 .07 • - .0 8
P-7 - .2 9 - .0 3 .18 - .3 0
P-8 - .0 2 - .2 5 - .1 5 .01
P-9 - .0 1 - .1 3 .10 - .2 9
P-10 .40 - .4 5 - .0 5  - .00
P - l l .39 - .5 3 .14 - .3 7
S - l - .9 5 .63 .73 - .2 3
S-2 - .4 7 .39 .59 .04
S-3 - .4 0 .28 .66 - .3 6
S-4 - .4 9 .36 .73 - .0 2
S-5 - .6 3 .56 .27 .25
S-6 .37 - .1 3 - .43 .84
S-7 .34 - .2 5 - .4 0 .85
S-8 - .6 1 .59 .28 .10
S-9 - .5 0 .42 .19 .54
S-10 - .5 4 .50 .19 .38
S - l l - .6 2 .59 .28 .12
S-12 - .3 8 .36 .08 .70
S-13 - .4 6 .44 .11 .53
S-14 - .2 4 .13 .44 - .8 5
S-15 - .1 9 .08 .43 - .8 1
S-16 - .3 0 .15 .58 - .8 2
S-17 - .7 1 .55 .38 - .1 3
S-18 .30 - .0 2 - .0 8 - .0 4
S-19 .23 - .2 2 .02 .03
S-20 - .6 5 .59 .33 - .1 3
S-21 - .8 1 .55 .55 - .2 9
S-22 - .7 4 .59 .40 - .1 5
S-23 - .6 7 .58 .35 - .1 3
S-24 - .8 2 .63 .60 - .3 5
S-25 - .7 7 .60 .45 - .1 6
S-26 .39 - .5 2 - .4 8 .58
S-27 .56 - .5 8 - .6 0 .53
S-28 .37 - .5 2 - .5 0 .61
S-29 .82 - .4 8 - .6 8 .62
S-30 1.00 - .6 3 - .7 1 .27
S-31 - .6 3 1.00 .54 - .1 2
S-32 - .7 1 .54 1.00 - .4 3
S-33 .27 - .1 2 - .4 3 1 .00
(Continued)
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Table 39. Simple correlation for soil 2, crop 2*
Sol1-Plant  
Factors1 P - l P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10
P - l 1.00 .40 .78 - .2 6 .71 - .5 6 .45 - .6 1 .76 - .6 8
P-2 .40 1.00 .87 - .39 .10 - .2 7 .04 - .4 5 .09 - .0 2
P-3 .78 .87 1.00 -.37 .45 - .4 8 .24 - .6 1 .45 - .3 6
P-4 - .2 6 - .39 -.37 1.00 .49 - .0 3 - .3 0 .55 .11 .38
P-5 .71 .10 .45 .49 1.00 - .5 2 .18 - .1 6 .77 - .3 8
P-6 - .56 - .27 - .48 -.03 -.52 1.00 .45 .82 - .0 6 .37
P-7 .45 .04 .24 - .3 0 .18 .45 1.00 .21 .77 - .3 7
P-8 -.61 -.45 -.61 .55 - .1 6 .82 .21 1.00 .02 .52
P-9 .76 .09 .45 .11 .77 - .0 6 .77 .02 1.00 - .5 0
P-10 - .6 8 - .0 2 - .36 .38 - .3 8 .37 - .3 7 .52 - .5 0 1 .00
P - l l .20 .42 .38 .23 .29 - .2 0 - .0 5 - .0 4 .16 .54
S - l .04 .14 .09 ' - .3 4 - .1 9 .32 .40 .08 .14 - .3 2
S-2 .37 .38 .43 - .7 6 - .23 - .1 6 .18 - .5 7 - .0 3 - .3 3
S-3 .37 .39 .44 -.73 - .2 2 - .1 2 .24 - .5 2 .01 - .2 7
S-4 .32 .47 .47 -.74 - .27 - .2 5 .03 - .6 4 - .1 5 - .2 3
S-5 - .14 .10 -.04 - .04 - .12 .22 :08 .16 - .0 3 - .0 0
S-6 .26 .19 .29 .45 .59 - .6 8 - .5 0 - .3 2 .06 .03
S-7 .23 .17 .26 .43 .54 - .6 5 - .4 9 - .3 1 .03 .02
S-8 - .17 .05 -.08 -.31 - .3 4 .40 .22 .15 - .07 - .0 9
S-9 .34 .44 .48 - .34 .14 - .2 5 .06 - .4 1 .13 - .2 5
S-10 .02 .24 .13 -.45 - .2 6 .16 .14 - .1 2 - .0 7 - .1 4
S - l l - .17 .06 -.08 -.28 - .31 .38 .21 .15 - .0 6 - .0 8
S-12 .39 .41 .46 -.15 .28 - .4 0 - .0 9 - .4 3 .13 - .2 0
S-13 .06 .27 .18 -.37 - .1 6 .04 .05 - .1 8 - .0 6 - .1 4
S-14 - .0 0 .08 .04 -.69. - .55 .32 .36 - .1 3 - .1 2 - .1 4
S-15 .13 .21 .20 -.69 - .4 3 .16 .33 - .2 6 - .0 6 - .1 6
S-16 .08 .20 .17 -.72 - .5 0 .11 .22 - .3 2 - .1 8 - .1 2
S-17 - .27 - .0 9 -.23 - .1 0 - .3 0 .53 .28 .38 - .0 1 - .0 2
S-18 - .07 - .3 1 -.22 .68 .42 - .3 8 - .4 6 .07 - .0 2 .19
S-19 -.32 - .43 -.44 .75 .24 - .2 5 - .5 4 .21 - .2 0 .26
S-20 - .23 - .0 6 -.18 -.31 - .4 0 .56 .34 .29 - .0 3 - .0 8
S-21 - .09 .06 -.04 -.57 - .4 9 .61 .55 .18 .04 - .1 4
S-22 - .2 2 - .0 0 - .15 -.47 .50 .59 .37 .22 - .0 8 - .0 6
S-23 -.24 - .0 7 -.20 -.27 - .39 .57 .33 .31 - .0 3 - .0 7
S-24 -.15 - .0 6 -.15 -.43 - . 4 4 .61 .50 .27 .04 - .1 0
S-25 -.28 - .0 6 -.22 -.39 - .5 0 .59 .31 .27 - .1 2 - .0 3
S-26 .50 .29 .44 -.03 .43 - .4 5 .01 - .4 0 .29 - .1 2
S-27 .01 - .2 4 -.19 .20 .14 .07 .22 .18 .24 - .0 7
S-28 .52 .30 .46 -.07 .41 - .4 3 .06 - .4 0 .31 - .1 4
S-29 .21 .08 .18 .32 .43 - .5 9 - .4 3 - .3 1 - .0 0 .09
S-30 .11 - .07 .02 .32 .33 - .4 9 - .3 8 - .2 2 - .0 3 .12
S-31 -.02 .20 .10 -.29 - .1 8 .30 .23 .07 .02 - .1 6
S-32 .10 .09 .10 -.58 - .3 5 .16 .20 - .2 0 - .1 0 - .1 7
S-33 .41 .39 .48 .09 " .46 - .6 2 - .3 1 - .4 7 .10 - .1 1
/r/ > ,A0 Significant at 5 percent
Ixl > .51 Significant at 1 percent
*Crop-soil combination and soil-plant factors are explained on page 88.
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Table 39 (Continued)
S o l l -P la n t
Factors P - l l S - l S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9
P - l .20
•
.04 .37 .37 .32 - .1 4 .26 .23 - .1 7 .38
P-2 .42 .14 .38 .39 .47 .10 .19 .17 .05 .44
P-3 .38 .09 .43 .44 .47 - .0 4 .28 .26 - .0 8 .48
P-4 .23 - .3 4 - .7 6 - .73 - .7 4 - .0 4 .45 .32 - .3 2 - .3 4
P-5 .29 - .1 9 - .2 3 - .22 - .27 - .1 2 .59 .54 - .3 4 .14
P-6 - .2 0 .32 - .1 6 - .1 2 - .2 5 .22 - .6 8 - .6 5 .40 - .2 5
P-7 - .0 5 .40 .18 .24 .03 .08 - .5 0 - .4 9 .22 .06
P-8 - .0 4 .08 - .5 7 - .52 - .64 .16 - .3 2 - .3 1 .15 - .4 1
P-9 .16 .14 - .0 3  . .01 - .15 - .0 3 .06 .03 - .07 .13
P-10 .54 - .3 2 - .3 3 - .27 - .2 3 - .0 0 .03 .02 - .0 9 - .2 5
P - l l 1 .00 - .3 6 - .0 6 .01 .02 - .0 9 .44 .38 - .2 4 .16
S - l - .3 6 1.00 .21 .10 .14 .59 - .3 5 - .2 4 .58 .32
S-2 - .0 6 .21 1.00 .91 .96 .08 .00 .05 .16 .50
S-3 .01 .10 .91 1.00 .89 - .2 0 - .1 3 - .1 2 - .0 7 .19
S-4 .02 .14 .96 .89 1.00 - .0 2 .05 .10 .04 .45
S-5 - .0 9 .59 .08 - .2 0 - .02 1.00 .09 .19 .85 .60
S-6 .44 - .3 5 .00 - .13 .05 .09 1.00 .98 - .2 3 .41
S-7 .38 - .2 4 .05 - .1 2 .10 .19 .98 1.00 - .1 6 .46
S-8 - .2 4 .58 .16 - .07 .04 .85 - .2 3 - .1 6 1.00 .50
S-9 - .16 .32 .50 .19 .45 .60 .41 .46 .50 1.00
S-10 - .0 9 .55 .37 .07 .27 .81 - .0 3 .04 .90 .78
S - l l - .2 2 .60 .15 - .09 .03 .89 - .1 8 - .1 1 1.00 .53
S-12 .25 .17 .43 .12 .40 .54 .63 .67 .37 .97
S-13 - .0 2 .50 .37 .05 .29 .82 .14 .21 .85 ‘ .84
S-14 - .27 .24 .57 .75 .54 - .2 4 - .6 8 - .6 8 .02 - .2 9
S-15 - .1 3 .14 .65 .86 .63 - .3 2 - .5 3 - .5 4 - .1 1 - .2 3
S-16 - .1 3 .14 .70 .85 .72 - .2 8 - .4 7 - .4 6 - .0 9 - .1 6
S-17 - .2 9 .64 - .1 4 - .27 - .2 6 .80 - .4 0 - .3 3 .83 .15
S-18 .19 - .3 5 - .4 1 - .3 6 - .3 2 - .2 5 .54 .57 - .4 8 - .3 1
S-19 .02 - .2 1 - .5 0 - .4 9 - .4 2 - .0 5 .41 .45 - .3 6 - .4 2
S-20 - .3 1 .56 .01 - .1 1 - .1 3 .66 - .4 9 - .4 5 .91 .18
S-21 - .3 5 .57 .14 .16 .04 .29 - .8 5 - .8 2 .56 - .0 2
S-22 - .3 0 .59 .09 .01 - .0 3 .54 - .6 4 - .6 0 .82 .14
S-23 - .3 1 .58 - .0 2 - .1 4 - .1 6 .70 - .4 8 - .4 3 .91 .17
S-24 - .3 7 .58 - .0 1 .04 - .1 0 .26 - .8 4 - .8 0 .50 - .1 6
S-25 - .3 2 .60 .02 - .0 5 - .0 9 .56 - .6 2 - .5 8 .62 .09
S-26 .39 - .3 4 .30 .22 .32 - .1 2 .55 .53 - .2 8 .48
S-27 - .0 8 .07 - .1 3 - .1 4 - .1 0 .03 - .0 2 .04 - .0 2 - .0 7
S-28 .38 - .3 2 .33 .25 .34 - .1 1 .52 .50 - .2 6 .48
S-29 .49 - .6 9 - .0 8 - .07 - .0 5 - .2 5 .75 .63 - .3 6 .16
S-30 .43 - .7 1 - .1 4 - .11 - .1 3 - .2 8 .61 .49 - .3 5 .03
S-31 - .1 9 .70 .22 - .04 .10 .89 - .1 1 - .0 4 .84 .65
• S-32 - .2 0 .36 .78 .77 .73 .02 - .2 5 - .1 9 .09 .21
S-33 .40 - .1 8 .30 .08 .32 .22 .88 .88 .00 .76
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Table 39 (Continued)
S o i l -P la n t  S_1Q g_u  g_12 s _13
P - l .02 - .1 7 .39 .06
P-2 .24 .06 .41 .27
P-3 .13 - .0 8 .46 .18
P-4 - .4 5 - .2 8 - .1 5 - .3 7
P-5 - .2 6 - .3 1 .28 - .1 6
P-6 .16 .38 • - .4 0 .04
P-7 .14 .21 - .0 9 .05
P-8 - .1 2 .15 - .4 3 - .1 8
P-9 - .0 7 - .0 6 . 1 3 . - .0 6
P-10 - .1 4 - .0 8 - .2 0 - .1 4
P - l l - .0 9 - .2 2 .25 - .0 2
S - l .55 .60 .17 .50
S-2 .37 .15 .43 .37
S-3 .07 - .0 9 .12 .05
S-4 .27 .03 .40 .29
S-5 .81 .89 .54 .82
S-6 - .0 3 - .1 8 .63 .14
S-7 .04 - .1 1 .67 .21
S-8 .90 1 .00 .37 .85
S-9 .78 .53 .97 .84
S-10 1.00 .90 .66 .98
S - l l .90 1.00 .40 .86
S-12 .66 .40 1.00 .76
S-13 .98 .86 .76 1.00
S-14 - .0 5 - .0 2 - .4 4 - .1 7
S-15 - .1 3 - .1 5 - .3 5 - .2 2
S-16 - .0 8 - .1 2 - .2 7 - .1 6
S-17 .62 .84 .02 .55
S-18 - .4 9 - .4 5 - .1 1 - .-38
S-19 - .4 5 - .3 2 - .2 4 - .3 7
S-20 .71 . .89 .02 .61
S-21 .43 .53 - .2 5 .28
S-22 .69 .79 - .0 6 .57
S-23 .70 .90 .02 .61
S-24 .33 .47 - .3 7 .18
S-25 .67 .80 - .1 0 .55
S-26 .00 - .2 6 .56 .09
S-27 - .0 6 - .0 1 - .0 6 - .0 6
S-28 .01 - .2 4 .55 .09
S-29 - .2 1 - .3 5 .34 - .0 9
S-30 - .2 5 - .3 5 .20 - .1 6
S-31 .86 .86 .53 .84
S-32 .22 .08 .12 .18
S-33 .29 .04 .89 .44
S-14 S-15 S-16 S-17 S-18. S-19
- .0 0 .13 .08 - .2 7 - .0 7 - .3 2
.08 .21 .20 - .0 9 - .3 1 - .4 3
.04 .20 .17 - .2 3 - .2 2 - .4 4
- .6 9 - .6 9 - .7 2 - .1 0 .68 .75
- .5 5 - .4 3 - .5 0 - .3 0 .42 .24
.32 .16 .11 .53 - .3 8 - .2 5
.36 .33 .22 .28 - .4 6 - .5 4
- .1 3 - .2 6 - .3 2 .38 .07 .21
- .1 2 - .0 6 - .1 8 - .0 1 - .0 2 - .2 0
- .1 4 - .1 6 - .1 2 - .0 2 .19 .26
- .2 7 - .1 3 - .1 3 .29 .19 .02
.24 .14 .14 .64 - .3 5 - .2 1
.57 .65 .70 - .1 4 - .4 1 - .5 0
.75 .86 .85 - .2 7 - .3 6 - .4 9
.54 .63 .72 - .2 6 - .3 2 - .4 2
- .2 4 - .3 2 - .2 8 .80 - .2 5 - .0 5
- .6 8 - .5 3 - .4 7 - .4 0 .54 .41
- .6 8 - .5 4 - .4 6 - .3 3 .57 .45
.02 - .1 1 - .0 9 .83 - .4 8 - .3 6
- .2 9 - .2 3 - .1 6 .15 - .3 1 - .4 2
- .0 5 - .1 3 - .0 8 .62 - .4 9 - .4 5
- .0 2 - .1 5 - .1 2 .84 - .4 5 - .3 2
- .4 4 - .3 5 - .2 7 .02 - .1 1 - .2 4
- .1 7 - .2 2 - .1 6 .55 - .3 8 - .3 7
1 . 00 .97 .93 .06 - .5 0 - .4 4
.97 1.00 .96 - .0 9 - .4 4 - .4 5
.93 .96 1 .00 - .1 3 - .4 1 - .4 0
.06 - .0 9 - .1 3 1.00 - .3 7 - .1 2
- .5 0 - .4 4 - .4 1  . - .3 7 1.00 .84
- .4 4 - .4 5 - .4 0 - .1 2 .84 1.00
.21 .04 .01 .89 - .5 1 - .3 8
.59 .45 .38 .68 - .7 3 - .6 0
.37 .21 .16 .83 - .6 1 - .4 8
.18 .01 - .0 2 .93 - .4 9 - .3 3
.53 .37 .30 .70 - .4 8 - .3 9
.33 .16 .11 .86 - .5 3 - .3 7
- .2 7 - .1 1 - .0 6 - .4 8 .13 - .1 7
- .1 2 - .1 2 - .0 9 - .0 4 .27 .23
- .2 4 - .0 7 - .0 2 - .4 6 .12 - .1 9
- .4 6 - .3 1 - .3 1 - .5 1 .31 .12
- .3 8 - .2 6 - .2 7 - .4 6 .29 .13
- .0 5 - .1 4 - .1 2 .78 - .5 3 - .3 6
.66 .65 .70 - .0 5 - .3 4 - .3 5




S o i l -P la n t
Factors S-20 S-21 S-22 S-23 S-24 S-25 S-26 S-27 S-28 S-29
P - l - .2 3 - .0 9 - .22 - .2 4 - .1 5 - .2 8 .50 .01 .52 .21
P-2 - .0 6 .06 - .0 0 - .0 7 - . 0 6 - .0 6 .29 - .2 4 .30 .08
P-3 - .1 8 - .0 4 - .15 - .2 0 - .1 5 - .2 2 .44 - .1 9 .46 .18
P-4 - .3 1 - .5 7 • - .47 - .2 7 - .4 3 - .3 9 - .0 3 .20 - .0 7 .32
P-5 - .4 0 - .4 9 - .5 0 - .3 9 - .4 4 - .5 0 .43 .14 .41 .43
P-6 .56 .61 .59 .57 .61 .59 - .4 5 .07 - .4 3 - .5 9
P-7 .34 .55 .37 .33 .50 .31 .01 .22 .06 - .4 3
P-8 .29 .18 .22 .31 .27 .27 - .4 0 .18 - .4 0 - .3 1
P-9 - .0 3 .04 - .0 8  • - . 0 3 .04 - .1 2 .29 .24 .31 - .0 0
P-10 - .0 8 - .1 4 - .0 6 - .0 7 - . 1 0 - .0 3 - .1 2 - .0 7 - .1 4 .09
P - l l - .3 1 - .3 5 - .3 0  . - .3 1 - .3 7 - .3 2 - .3 9 - .0 8 .38 .49
S - l .56 .57 .59 .58 .58 .60 - .3 4 .07 - .3 2 - .6 9
S-2 .01 .14 .09 - .0 2 - .0 1 .02 .30 - .1 3 .33 - .0 8
S-3 - .1 1 .16 .01 - .1 4 .04 - .0 5 .22 - .1 4 .25 - .0 7
S-4 - .1 3 .04 - .0 3 - .1 6 - .1 0 - .0 9 .32 - .1 0 .34 - .0 5
S-5 .66 .29 .54 .70 .26 .56 - .1 2 .03 - .1 1 - .2 5
S-6 - .4 9 - .8 5 - .6 4 - .4 8 - .8 4 - .6 2 .55 - .0 2 .52 .75
S-7 - .4 5 - .8 2 - .6 0 - .4 3 - .8 0 - .5 8 .53 .04 .50 .63
S-8 .91 .56 .82 .91 .50 .82 - .2 8 - .0 2 - .2 6 - .3 6
S-9 .18 - .0 2 .14 .17 - .1 6 .09 .48 - .0 7 .48 .16
S-10 . .71 .43 .69 .70 .33 .67 .00 - .0 6 .01 - .2 1
S - l l .89 .53 .79 .90 .47 .80 - .2 6 - .0 1 - .2 4 - .3 5
S-12 .02 - .2 5 - .0 6 .02 - .3 7 - .1 0 .56 - .0 6 .55 .34
S-13 • 61.. .28 .57 .61 .18 .55 .09 - .0 6 .09 - .0 9
S-14 .21 .59 .37 .18 .53 .33 - .2 7 - .1 2 - .2 4 - .4 6
S-15 .04 .45 .21 .01 .37 .16 - .1 1 - .1 2 - .0 7 - .3 1
S-16 .01 .38 .16 - .0 2 .30 .11 - .0 6 - .0 9 - .0 2 - .3 1
S-17 .89 .68 .83 .93 .70 .86 - .4 8 - .0 4 - .4 6 - .5 1
S-18 - .51 - .5 3 - .61 - .4 9 - .4 8 - .5 3 .13 .27 .12 .31
S-19 - .3 8 - .6 0 - .4 8 - .3 3 - .3 9 - .3 7 - .1 7 .23 - .1 9 .12
S-20 1.00 .75 .94 1 .00 .73 .95 - .4 9 - .1 1 - .4 7 - .4 6
S-21 .75 1 .00 .88 .75 .95 .85 - .4 1 - .1 3 - .3 9 - .6 9
S-22 .94 .88 1.00 .94 .85 .99 - .4 9 - .1 5 - .4 7 - .5 6
S-23 1.00 .75 .94 1 .00 .73 .95 - .5 0 - .0 9 - .4 8 - .4 8
S-24 .73 .95 .85 .73 1.00 .85 - .4 7 - .0 5 - .4 5 - .7 4
S-25 .95 .85 .99 .95 .85 1 .00 - .5 4 - .1 2 - .5 3 - .5 7
S-26 - .4 9 - .4 1 - .4 9 - .$ 0 - .4 7 - .5 4 1 .00 .21 .99 .56
S-27 - .1 1 - .1 3 - .1 5  ' - .0 9 - .0 5 -•12. .21 1.00 .22 - .0 5
S-28 - .47 -.•39 - .47 - .4 8 - .4 5 - .5 3 .99 .22 1.00 .52
S-29 - .4 6 - .6 9 - .5 6 - .4 8 - .7 4 - .5 7 .56 - .0 5 .52 1.00
S-30 - .4 1 - .6 0 - .4 9 - .4 2 - .6 4 - .5 0 .49 .03 .45 .97
S-31 .70 .53 .68 .73 .44 .67 - .1 6 - .1 8 - .1 6 - .3 7
S-32 .04 .28 .19 .02 .21 .15 - .0 4 - .1 9 - .0 2 - .3 8
S-33 - .3 4 - .6 3 -.45 - .3 4 - .7 2 - .4 8 .66 - .0 5 .65 .64
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Table 3S
S o l l -P la n t
Factors S-30
S-31 S-32 S-33
P - l .11 - .0 2 .10 .41
P-2 - .0 7 .20 .09 .39
P-3 .02 .10 .10 .48
P-4 .32 - .2 9 - .58 .09
P-5 .33 - .1 8 -.35 .46
P-6 - .4 9 .30 .16 - .6 2
P-7 - .3 8 .23 .20 - .3 1
P-8 - .2 2 .07 - .2 0 - .4 7
P-9 - .0 3 .02 - .1 0  . .10
P-10 .12 - .1 6 - .17 - .1 1
P - l l .43 - .1 9 - .2 0 .40
S - l - .7 1 .70 .36 - .1 8
S-2 - .1 4 .22 .78 .30
S-3 - .1 1 - .0 4 .77 .08
S-4 - .1 3 .10 .73 .32
S-5 - .2 8 .89 .02 .22
S-6 .61 - .1 1 -.25 .88
S-7 .49 - .0 4 - .1 9 .88
S-8 - .3 5 .84 • .09 .00
S-9 .03 .65 .21 .76
S-10 - .2 5 .86 .22 .29
S - l l - .3 5 .86 .08 .04
S-12 .20 .53 .12 .89
S-13 - .1 6 .84 .18 .44
S-14 - .3 8 - .0 5 .66 - .5 7
S-15 - .2 6 - .1 4 .65 - .4 2
S-16 - .2 7 - .1 2 .70 - .3 4
S-17 - .4 6 .78 -.05 - .3 4
S-18 .29 - .5 3 - .34 .20
S-19 .13 - .3 6 -.35 - .0 0
S-20 - .4 1 .70 .04 - .3 4
S-21 - .6 0 .53 .28 - .6 3
S-22 - .4 9 .68 .19 - .4 5
S-23 - .4 2 .73 ..02 - .3 4
S-24 - .6 4 .44 .21 - .7 2
S-25 - .5 0 .67 .15 - .4 8
S-26 .49 - .1 6 -.04 .66
S-27 .03 - .1 8 -.19 - .0 5
S-28 .45 - .1 6 -.02 .65
S-29 .97 - .37 - .38 .64
S-30 1.00 - .41 -.41 .49
S-31 - .4 1 1.00 .24 .13
S-32 - .4 1 .24 1.00 - .0 6
S-33 .49 .13 -.06 1.00
(Continued)
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Table 40. Simple correlation for soil 1-, crop 3*
S o i l -P la n t
Factors* P-l P-2 P-3 P-4 P-5 • P-6 P-7 P-8 P-9 P-10
P - l 1.00 - .1 1 .50 .05 .76 - .2 3 .57 - .1 5 .83 - .1 0
P-2 - .11 1.00 .71 - .5 6 - .4 5 .07 - .0 1 - .3 5 - .2 9 .11
P-3 .50 ‘ .71 1.00 -.41 .13 - . 1 0 .33 - .3 8 .28 - .0 5
P-4 .05 - .5 6 - .41 1.00 .66 - . 2 0 - .1 4 .53 .35 - .0 6
P-5 .76 - .4 5 .13 .66 1.00 - .3 1 .32 .21 .84 - .1 2
P-6 -.23 .07 - .1 0 - .2 0 - .3 1 1 .00 .66 .72 .17 - .1 1
P-7 .57 - .0 1 .33 - .14 .32 .66 1.00 .48 .78 - .1 7
P-8 -.15 - .3 5 - .38 .53 .21 .72 .48 1.00 .40 - .1 5
P-9 .83 - .2 9 .28 .35 .84 .17 .78 .40 1 .00 - .1 8
P-10 - .1 0 .11 - .05 - .0 6 - .1 2 - .1 1 - .1 7 - .1 5 - .1 8 1.00
. P - l l .10 .07 .08 - .0 0 .07 - .4 5 - .3 1 - .3 9 - .1 3 .71
S - l - .04 .33 .37 . - .42 - .2 8 .50 .42 .14 .06 - .4 3
S-2 .14 .50 .52 - .55 - .2 3 .23 .32 - .1 8 .03 .13
S-3 .09 .60 .61 - .59 - .2 7 .04 .12 - .3 7 - .1 1 .28
S-4 .09 .64 .65 - .54 - .2 5 .07 .15 - .3 1 - .0 8 .15
S-5 .04 .08 .08 -.29 - .1 4 .60 .57 .32 .23 - .3 8
S-6 - .02 - .1 6 - .08 .52 .33 - .2 4 - .2 1 .16 .10 - .0 4
S-7 .03 • - .2 2 - .08 .56 .40 - .2 2 - .1 6 .21 .17 - .0 3
• S-8 . .11 ..11 .14 -.41 - .1 8 .56 .60 .21 .22 - .3 8
S-9 .19 • • ; i3  ‘ . .20 - .2 0 .01 .52 .62 .32 .35 - .3 1
S-10 .21 ..07 : :.'17 - .26 - .0 2 .50 ' .62 .26 .35 - .4 2
S - i l .10 ' .13 '-.39 - .1 8 .57 .60 .23 .23 - .3 8
S-12 .17 .08 .16 - .0 6 .08 .43 .53 .34 .35 - .3 0
S-13 .21 .03 .15 - .15 .06 .44 .58 .29 .37 - .4 1
S-14 -.03 .29 .24 - .49 - .3 3 - .0 0 - .0 3 - .3 5 - .2 3 .23
S-15 .01 ' .33 .30 - .48 - .2 8 - .0 8 - .0 7  ‘ - .4 1 - .2 3 .29
S-16 -.05 .42 .35 -.51 - .3 5 - .0 9 - .1 1 - .4 4 - .2 9 .24
S-17 - .06 .14 .07 - .40 - .2 8 .71 .59 .34 .15 - .3 2
S-18 - .18 .10 .11 .38 .13 - .5 0 - .5 4 - .1 7 - .2 2 - .0 6
S-19 -.22 - .0 7 .01 .52 .21 - .5 2 - .5 9 - .0 9 - .2 0 - .0 5
S-20 .03 .16 .12 -.47 - .2 8 .65 .61 .24 .17 - .3 4
S-21 .03 .28 .24 -.53 - .3 2 .70 .63 .23 .15 - .2 9
S-22 .07 .18 .18 -.47 - .2 5 .64 .63 .23 .20 - .4 0
S-23 .01 .15 .11 -.46 - .2 8 .68 .61 .27 .16 - .3 4
S-24 -.04 .36 .31 -.47 - .3 2 .62 .53 . .21 .09 - .3 6
S-25 .03 .18 .20 -.41 - .2 3 .60 .58 .24 .18 - .4 6
S-26 .16 - .3 3 - .32 .40 .36 - .1 9 - .0 6 .13 .21 .13
S-27 .25 - .3 2 -.27 .40 .40 - .0 8 .08 .22 .31 .28
S-28 .14 - .3 5 - .32 .41 .35 - .1 3 - .03 .18 .22 .08
S-29 .02 - .1 4 -.21 .42 .26 - .2 3 - .2 1 .09 .05 .33
S-30 .10 - .3 3 -.32 .48 .36 - . 4 6 .34 - .0 7 .05 .40
S-31 .03 .50 .43 -.45 -.27 .26 .29 - .0 9 - .01 - .4 5
S-32 -.06 .66 .60 -.53 - .3 6 .11 .09 - .2 8 - .1 8 - .0 5
S-33 .12 - .1 3 - .07 .33 .. .29 .03 .12 .26 .26 .01
ft/ > .40 Significant at 5 percent
/r/ > .51 Significant at 1 percent
*Crop-soll combinations and soil-plane factors are explained on page 88.
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Table AO (Continued)
i l - P la n t
ctors P - l l S - l S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9
P - l .10 - .0 4 .14 .09 .09 .04 - .0 2 .03 .11 .19
P-2 .07 .33 .50 .60 .64 .08 - .1 6 - .2 2 .11 .13
P-3 .08 .37 .52 .61 .65 .08 - .0 8 - .0 8 .14 .20
p-4 - .0 0 - .4 2 - .5 5 - .5 9 - .5 4 - .2 9 .52 .56 - .4 1 - .2 0
P-5 .07 - .2 8 - .2 3 - .2 7 - .2 5 - .1 4 .33 .40 - .1 8 .01
P-6 - .4 5 .50 .23 .04 .07 .60 - .2 4 - .2 2 .56 .52
P-7 - .3 1 .42 .32 .12 .15 .57 - .2 1 - .1 6 .60 .62
P-8 - .3 9 .14 - .1 8 - .3 7 - .3 1 .32 .16 .21 .21 .32
P-9 - .1 3 .06 .03 - .1 1 - .0 8 .23 .10 .17 .22 .35
P-10 .71 - .4 3 .13 .28 .15 - .3 8 - .0 4 - .0 3 - .3 8 - .3 1
P - l l 1 .00 - .3 8 .09 .39 .19 - .6 1 - .2 8 - .2 5 - .5 4 - .5 7
S - l - .3 8 1 .00 .49 .40 .52 .64 - .3 3 - .2 8 .61 .53
S-2 .09 .49 1 .00 .84 .92 .42 - .1 8 - .1 8 .38 .48
S-3 .39 .40 .84 1 .00 .85 .07 - .4 2 - .4 3 .09 .02
S-4 .19 .52 .92 .85 1 .00 .23 - .1 4 - .1 1 .20 .34
S-5 - .6 1 .64 .42 .07 .23 1 .00 - .0 5 - .0 5 .94 .88
S-6 - .2 8 - .3 3 - .1 8 - .4 2 - .1 4 - .0 5 1 .00 .97 - .2 0 .18
S-7 - .2 5 - .2 8 - .1 8 - .4 3 - .1 1 - .0 5 .97 1 .00 - .2 4 .21
S-8 - .5 4 .61 • .38 .09 .20 .94 - .2 0 - .2 4 1.00 .81
S-9 - .5 7 .53 .48 .02 .34 .88 .18 .21 .81 1.00
S-10 - .6 2 .56 .37 - .0 2 .23 .93 .05 .05 .93 .95
S - l l - .5 6 .62 .39 .09 .21 .96 - .1 8 - .2 1 1.00 .83
S-12 - .6 0 .42 .40 - .0 7 .29 .81 .40 .42 .71 .97
S-13 - .6 5 .50 .33 - .1 0 .20 .90 .23 .24 .86 .96
S-14 .45 .17 .32 .67 .31 - .2 2 - .8 3 - .8 5 - .0 8 - .4 4
S-15 .51 .13 .32 .72 .34 - .2 9 - .7 7 - .7 9 - .1 6 - .4 9
S-16 .51 .24 .37 .74 .46 - .2 7 - .7 6 - .7 6 - .1 4 - .4 4
S-17 - .4 6 .71 .34 .18 .17 .90 - .3 8 - .3 9 - .8 8 .66
S-18 .11 - . 3 0 - .3 3 - .1 2 - .1 6 - .4 7 .45 .35 - .4 5 - .4 8
S-19 .16 - .1 9 - .3 9 - .2 4 - .1 5 - .4 7 .49 .53 - .5 8 - .4 4
S-20 - .4 6 .63 .33 .16 .15 .86 - .3 9 - .4 4 .95 .66
S-21 - .3 2 .80 .48 .36 .35 .77 - .5 8 - .5 7 .82 .61
S-22 - .4 7 .73 .34 .17 .20 .87 - .4 3 - . 4 4 .94 .70
S-23 - .4 7 - .6 6 .34 .17 .16 .88 - .3 9 - .4 3 .95 .67
S-24 - .3 3 .81 .43 .38 .35 .72 - .5 1 - .5 3 .78 .53
S-25 - .4 9 .77 .30 .14 .19 .86 - .3 7 - .3 8 .92 .68
S-26 .09 - .3 8 - .2 4 - .3 9 - .1 9 - .1 9 .43 .49 - .2 3 .07
S-27 .15 - .5 3 - .2 2 - .3 6 - .2 9 - .2 2 .40 .45 - .2 7 .02
S-28 .04 - .3 6 - .2 1 - .3 9 - .1 7 - .1 6 .46 .52 - .2 0 .12
S-29 .11 - .8 0 - .3 0 - .3 9 - . 3 4 - .3 5 .62 .57 - .4 1 - .1 1
S-30 .39 - .9 5 - .4 7 - . 4 0 - .4 9 - .6 3 .37 .34 - .6 1 - .5 0
S-31 - .5 3 .63 .39 .28 " .36 .56 - .1 3 - .2 5 .59 .42
S-32 .14 .73 .59 .66 .73 .27 - .4 3 - .4 0 .28 .19
S-33 - .3 7 - .2 3 .04 - .3 6 - .0 2 .25 .84 .85 .10 .54
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Page 40 (Continued)
S o i l -P la n t  s _10 s . 11 s . 12 g_l3  s _14 s _15 s _l6  s _1? g_18 g l 9
Factors •       _ _ ____ ___ __
p - l .21 .10 .17 .21 - .0 3 .01 - .0 5 - .0 6 - .1 8 - .2 2
P-2 .07 .11 .08 .03 .30 .33 .42 .14 .10 - .0 7
P-3 .17 .13 .16 .15 .24 .30 .35 .07 .11 .01
P-4 - .2 6 - .3 9 -.06 - .1 5 - .4 9 - .4 8 - .5 1 - .4 0 .38 .52
P-5 - .0 2 - .1 8 .08 .06 - .3 3 - .2 8 - .3 5 - .2 8 .13 .21
P-6 .50 .57 .43 .44 - .0 0 - .0 8 - .0 9 .71 - .5 0 - .5 2
P-7 .62 .60 .53 .58 - .0 3 - .0 7 - .1 1 .59 - .5 4 - .5 9
P-8 .26 .23 .34 .29 - .3 5 - .4 1 - .4 4 .34 - .1 7 - .0 9
P-9 .35 .23 .35 .37 - .2 3 - .2 3 - .2 9 .15 - .2 2 - .2 0
P-10 - .4 2 - .3 8 - .3 0  • - .4 1 .23 .29 .24 - .3 2 - .0 6 - .0 5
P - l l - .6 2 - .5 6 - .60 • - .6 5 .45 .51 .51 - .4 6 .11 .16
S - l .56 .62 .42 .50 .17 .13 .24 .71 - .3 0 - .1 9
S-2 .37 .39 .40 .33 .32 .32 .37 .34 - .3 3 - .3 9
S-3 - .0 2 .09 -.07 - .1 0 .67 .72 .74 .18 - .1 2 - .2 4
S-4 .23 .21 .29 .20 .31 .34 .46 .17 - .1 6 - .1 5
S-5 .93 .96 .81 .90 - .2 2 - .2 9 - .2 7 .90 - .4 7 - .4 7
S-6 .05 - .1 8 .40 .23 - .8 3 - .7 7 - .7 6 - .3 8 .45 .49
S-7 .05 - .2 1 .42 .24 - .8 5 - .7 9 - .7 6 - .3 9 .35 .53
S-8 .93 1.00 .71 .86 - .0 8 - .1 6 - .1 4 .88 - .4 5 - .5 8
S-9 .95 .83 .97 .96 - .4 4 - .4 9 - .4 4 .66 - .4 8 -.44.
S-10 1.00 .94 .89 .98 - .3 5 - .4 0 - .3 7 .76 - .4 4  . - .4 8
S - l l .94 1 .00 .73 .88 - .1 0 - .1 8 - .1 6 .89 - .4 6 - .5 7
S-12 .89 .73 1.00 .95 - . 6 0 - .6 3 - .5 8 .53 - .3 5 - .3 0
S-13 .98 .88 .95 1 .00 - .5 0 - .5 4 - .5 0 .66 - .3 6 - .3 7
S-14 - .3 5 - .1 0 - .6 0 - .5 0 1.00 .98 .96 .09 - .1 6 - .2 9
S-15 - .4 0 - .1 8 -.63 - .5 4 .98 1.00 .96 .01 - .09 - .2 3
S-16 - .3 7 - .1 6 - .58 - .5 0 .96 .96 1.00 .01 - .0 6 - .1 4
S-17 .76 .89 .53 .66 .09 .01 .01 1 .00 - .4 9 - .5 3
S-18 - .4 4 - .4 6 -.35 - .3 6 - .1 6 - .0 9 - .0 6 - .4 9 1.00 .79
S-19 - .4 8 - .5 7 - .3 0 - .3 7 - .2 9 - .2 3 - .1 4 - .5 3 .79 1.00
S-20 .80 .95 .52 .70 .12 .03 .03 .94 - .4 5 - .6 2
S-21 .68 .81 .44 .56 .30 .22 .25 .92 - .5 6 - .6 1
S-22 .83 .94 .55 .72 .11 .03 .05 .94 - .4 8 - .5 9
S-23 .80 .94 .53 .70 .11 .03 .03 .97 - .47 - .6 0
S-24 .63 .77 .38 .51 .29 .22 .27 .89 - .2 7 - .4 1
S-25 .82 .92 .55 .73 .06 - .0 2 .03 .94 - .3 6 - .4 4
S-26 - .0 2 - .2 3 .17 .07 - .5 4 - .4 9 - .4 8 - .3 6 - .1 0 .01
S-27 - .0 9 - .2 6 .12 - .0 0 - .4 7 - .4 4 - .5 2 - .3 2 - .0 3 - .0 2
S-28 .02 - .2 0 .21 .12 - .5 6 - .5 2 - .5 0 - .3 4 - .1 0 .00
S-29 - .2 6 - .4 0 .04 - .1 4 - .5 0 - .4 4 - .5 3 - .5 3 .20 .13
S-30 - .5 4 - .6 2 -.38 - .4 6 - .2 4 - .1 9 - .3 0 - .7 1 .30 .23
S-31 .50 .59 .36 .44 .13 .08 .15 .55 - .02 - .2 2
S-32 .19 .28 .08 .11 .44 .43 .58 .38 - .0 8 .02
S-33 .38 .12 .70 .53 - .8 5 - .8 1 - .8 2 - .1 3 - .0 4 .03
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Table 40 (Continued)
i lr P la n t
ctors S-20 S-21 S-22 S-23 S-24 S-25 S-26 S-27 S-28 S-29
P - l .03
•
.03 .07 .01 - .0 4 .03 .16 .25. .14 .02
P-2 .16 .28 .18 .15 .36 .18 - .3 3 - .3 2 - .3 5 - .1 4
P-3 .12 .24 .18 .11 .31 .20 - .3 2 - .2 7 - .3 2 - .2 1
P-4 - .4 7 - .53 - .4 7 - .4 6 - .4 7 - .4 1 .40 .4 0 .41 .42
P-5 - .2 8 - .3 2 - .2 5 - .2 8 - .3 2 - .2 3 .36 .40 .35 .26
P-6 .65 .70 .64 .68 .62 .60 - .1 9 - .0 8 - .1 3 - .2 3
P-7 .61 .63 .63 .61 .53 .58 - .0 6 .08 - .0 3 - .2 1
P-8 .24 .23 .23 .27 .21 .24 .13 .22 .18 .09
P-9 .17 .15 .20 .16 .09 .18 .21 .31 .22 .05
P-10 - .3 4 - .2 9 - .4 0 ' - .3 4 - .3 6 - .4 6 .13 .28 .08 .33
P - l l - .4 6 - .3 2 - .4 7 - .4 7 - .33 - .4 9 .09 .15 .04 .11
S - l .63 .80 .73 .66 .81 .77 - .3 8 - .5 3 - .3 6 - .8 0
S-2 .33 .48 .34 .34 .43 .30 - .2 4 - .2 2 - .2 1 - .3 0
S-3 .16 .36 .17 .17 .38 .14 - .3 9 - . 3 6 - .3 9 - .3 9
S-4 .15 .35 .20 .16 .35 .19 - .1 9 - .2 9 - .1 7 - .3 4
S-5 .86 .77 .87 .88 .72 .86 - .1 9 - . 2 2 - .1 6 - .3 5
S-6 - .3 9 - .5 8 - .4 3 - .3 9 - .5 1 - .3 7 .43 .41 .46 .62
S-7 - .4 4 - .5 7 - .4 4 - .4 3 - .5 3 - .3 8 .49 .45 .52 .57
S-8 .95 .82 .94 .95 .78 .92 - .2 3 - . 2 7 - .2 0 - .4 1
S-9 .66 .61 .70 .67 .53 .68 .07 .02 .12 - .1 1
S-10 .80 .68 .83 .80 .63 .82 - .0 2 - . 0 9 - .0 2 - .2 6
S - l l .95 .81 .94 .94 .77 .92 - .2 3 - .2 6 - .2 0 - .4 0
S-12 .52 .44 .55 .53 .38 .55 .17 .12 .21 .04
S-13 .70 .56 .72 .70 .51 .73 .07 - . 0 0 .12 - .1 4
S-14 .12 .30 .11 .11 .29 .06 - .5 4 - .4 7 - .5 6 - .5 0
S-15 .03 .22 .03 .03 .22 - .0 2 - .4 9 - . 4 4 - .5 2 - .4 4
S-16 .03 .25 .05 .03 .27 .03 - .4 8 - .5 2 - .5 0 - .5 3
S-17 .94 .92 .94 .97 .89 .94 - .3 6 - .3 2 - .3 4 - .5 3
S-18 - .4 5 . - .5 6 - .4 8 - .4 7 - .2 7 - .3 6 - .1 0 - .0 3 - .1 0 .20
S-19 - .6 2 - .6 1 - .5 9  . - .6 0 - .4 1 - .4 4 .01 - . 0 2 .00 .13
S-20 1.00 .90 .98 1.00 .87 .96 - .3 3 - .3 3 - .3 1 - .5 0
S-21 .90 1.00 .94 .91 .95 .91 - .4 0 - .3 9 - .3 8 - .6 5
S-22 .98 .94 1.00 .98 .91 .98 - .3 2 - . 3 4 - .3 0 - .5 8
S-23 1.00 .91 .98 1.00 .89 .96 - .3 4 - .3 3 - .3 3 - .5 1
S-24 .87 .95 .91 .89 1.00 .92 - .5 0 - . 4 6 - .4 8 - .6 8
S-25 .96 .91 .98 .96 .92 1 .00 - .3 5 - .3 9 - .3 3 - .6 2
S-26 - .3 3 - .4 0 - .3 2 - .3 4 - .5 0 - .3 5 1 .00 .63 .99 .42
S-27 - .3 3 - .3 9 - .3 4 - .3 3 - .4 6 . - . 3 9 .63 1 .0 0 .63 .56
S-28- - .3 1 - .3 8 - .3 0 - .3 3 - .4 8 - .3 3 .99 .63 1.00 .42
S-29 - .5 0 - .6 5 - .5 8 - .5 1 - .6 8 - .6 2 .42 .56 .42 1.00
S-30 - .6 5 - .8 1 - .7 4 - .6 7 - .8 2 - .7 7 .39 .56 .37 .82
S-31 .59 .55 .59 .58 .63 .60 - .5 2 - .5 8 - .52 - .4 8
S-32 .33 .55 .40 .35 .60 .45 - .4 8 - . 6 0 - .5 0 - .6 8
S-33 - .1 3 - .2 9 - .1 5 - .1 3 - .3 5 - .1 6 .58 .53 .61 .62
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Table 40 (Continued)
S o i l -P la n t
Factors S-30 S-31 S-32 S-33
P - l .10
•
.03 - .0 6 .12
P-2 - .3 3 .50 .66 - .1 3
P-3 - .3 2 .43 .60 - .0 7
P-4 .48 - .4 5 - .5 3 .33
P-5 .36 - .2 7 - .3 6 .29
P-6 - .4 6 .26 .11 .03
P-7 - .3 4 .29 .09 .12
P-8 - .0 7 - .0 9 - .2 8 .26
P-9 .05 - .0 1 - .1 8 .26
P-10 .40 - .4 5 - .0 5  * .01
P - l l .39 - .5 3 .14 - .3 7
S - l - .9 5 .63 .73 - .2 3
S-2 - .4 7 .39 .59 .04
S-3 - .4 0  ' .28 - .6 6 - .3 6
S-4 - .4 9 .36 .73 - .0 2
S-5 - .6 3 .56 .27 .25
S-6 .37 - .1 3 - .4 3 .84
S-7 .34 - .2 5 - .4 0 .85
S-8 - .6 1 .59 .28 . .10
S-9 - .5 0 .42 .19 .54
S-10 - .5 4 .50 .19 .38
S - l l - .6 2 .59 .28 .12
S-12 - .3 8 .36 .08 .70
S-13 - .4 6 .44 .11 .53
S-14 - .2 4 .13 .44 - .8 5
S-15 - .1 9 .08 .43 - .8 1
S-16 - .3 0 .15 .58 - .8 2
S-17 - .7 1 .55 .38 - .1 3
S-18 - .3 0 - .0 2 - .0 8 - .0 4
S-19 .23 - .2 2 .02 .03
S-20 - .6 5 .59 .33 - .1 3
S-21 - .8 1 .55 .55 - .2 9
S-22 - .7 4 .59 .40 - .1 5
S-23 - .67 .58 .35 - .1 3
S-24 - .8 2 .63 .60 - .3 5
S-25 - .7 7 .60 .45 - .1 6
S-26 .39 - .5 2 - .4 8 .58
S-27 .56 - .5 8 - .6 0 .53
S-28 .37 - .5 2 - .5 0 .61
S-29 .82 - .4 8 - .6 8 .62
S-30 1.00 - .6 3 - .7 1 .27
S-31 - .63 1 .00 .54 - .1 2
S-32 - .7 1 .54 1.00 - .4 3
S-33 .27 - .1 2 - .4 3 1 .00
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Table 41. Simple correlation for soil 2, crop 3*
S o i l -P la n t
Factors P -l P-2 P-3 P-4 P-5 P-6 P-7 P 8 P-9 P-10
P - l 1.00 - .2 1 .67 - .0 8 .64 - .6 1 .68 - .4 5 .75 - .6 1
P-2 - .21 L.00 .54 - .5 1 - .5 7 .10 - .3 2 - .2 5 - .5 1 .10
P-3 .67 .54 1.00 - .5 0 .05 - .4 9 .32 - .6 3 .20 - .4 2
P-4 - .0 8 - .5 1 - .5 0 1.00 .69 .22 .09 .77 .46 - .1 9
P-5 .64 - .5 7 .05 .69 1 .00 - .2 8 .54 .25 .89 - .5 9
P-6 - .6 1 .10 - .4 9 .22 - .2 8 1.00 .12 .79 - .1 0 .58
P-7 .68 - .3 2 .32 .09 .54 .12 1.00 .13 .86 - .2 4
P-8 - .4 5 - .2 5 - .6 3 .77 .25 .79 .13 1 .00 .22 .27
P-9 .75 - .5 1 .20 .46 .89 - .1 0 .86 .22 1.00 - .4 9
P-10 - .6 1 .10 - .42 - .1 9 - .5 9 .58 - .2 4 .27 - .4 9 1.00
P - l l .44 - .2 4 .27 - .3 0 .05 - .1 0 .51 - .2 5 .30 .39
S - l .06 .24 .14 • - .0 1 .03 .45 .43 .29 .26 - .1 0
S-2 .15 .78 .76 * - .5 0 - .3 1 - .0 2 .11 - .3 2 - .1 2 - .1 0
S-3 .23 .70 .78 - .4 7 - .2 4 - .1 1 .14 - .3 7 - .0 7 - .0 4
S-4 .12 .78 .75 - .5 6 - .3 7 - .0 9 .03 - .4 0 - .2 0 - .0 3
S-5 - .2 1 .11 - .1 1 .06 - .1 5 .43 .14 .32 - .0 1 - .1 4
S-6 .08 .07 .19 - .0 0 .02 - .5 4 - .4 2 - .3 6 - .2 1 - .3 0
S-7 .05 .10 .19 - .0 1 - .0 2 - .4 6 - .3 9 - . 3 0 - .2 2 - .2 9
S-8 - .1 6 .16 - .0 7 - .1 2 - .2 1 .49 .28 .25 .03 - .0 1
S-9 .04 .48 .38 - .2 9 - .2 0 - .1 2 - .0 8 - .2 6 - .1 6 - .3 7
S-10 - .1 3 .37 .12 - .3 0 - .3 2 .29 .12 .00 - .1 2 - .1 0
S - l l - .1 7 .16 -.07 - .1 0 - .2 1 .49 .27 .26 .02 - .0 3
S-12 . .05 .43 .37 - .2 5 - .1 7 - .2 4 - .1 8 - .3 1 - .2 0 - .3 9
S-13 - .1 2 .38 .15 - .3 0 - .3 2 .21 .05 - .0 5 - .1 6 - .1 5
S-14 .07 .39 .37 - .2 6 - .1 7 .27 .32 .02 .07 .23
S-15 .15 .45 .50 - .3 0 - .1 5 -.09 .25 - .1 2 .04 .14
S-16 .06 .54 .50 - .3 5 - .2 5 .11 .16 - .1 4 - .0 7 .19
S-17 - .2 2 - .1 0 - .3 1 .15 - .0 7 .58 .28 .47 .12 - .0 3
S-18 .02 - .3 5 - .1 8 .27 .19 - .3 0 - .2 5 - .0 3 - .0 2 - .0 1
S-19 - .1 3 - .4 5 - .37 .36 .13 - .0 1 - .1 6 .21 - .0 0 .13
S-20 - .1 4 .04 - .1 8 - .0 8 - .1 6 .53 .33 .30 .08 .07
S-21 - .0 6 .12 - .0 4 - .1 0 - .0 9 .49 .37 .26 .14 .10
S-22 - .1 6 .12 - .1 3 - .1 8 - .2 3 .54 .31 .24 .02 .15
S-23 - .1 6 .01 - .2 1 - .0 3 - .1 4 .55 .33 .34 .09 .05
S-24 - .0 6 - .0 1 - .1 4 - .0 1 - .0 4 .49 .36 .32 .18 .12
S-25 - .1 9 .06 - .1 9 - .1 4 - .2 3 .56 .30 .29 .03 .17
S-26 .18 .21 .33 .02 .16 - .5 7 - .3 4 - .3 6 - .0 8 - .4 7
S-27 .11 - .3 0 - .1 3 .60 .57 .10 .28 .44 .49 - .2 1
S-28 .20 .22 .36 .02 .18 - .5 6 - .2 9 - .3 5 - .0 5 - .4 8
S-29 .05 - .0 6 .06 .04 .06 - .6 4 - .4 7 - .3 9 - .2 2 - .2 6
S-30 - .0 0 .16 - .0 6 .15 .12 - .5 5 - .4 3 - .2 7 - .1 7 - .2 2
S-31 - .2 0 .31 - .0 0 - .1 3 - .2 5 .45 .11 .21 - .0 8 - .1 1
S-32 - .0 6 .76 .52 - .4 4 - .4 2 .30 .06 - .0 7 - .2 2 .23
S-33 .10 .32 .37 - .1 8 - .0 9 - .4 9 - .3 4 - .4 4 - .2 3 - .3 8
/r/ >  .40 Significant at 5 percent.
/rI >  .51 Significant at 1 percent
Ĉrop-soil combinations and soil-plant factors are explained on page 88.
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Table 41 (Continued)
S o i l -P la n t
Factors P - l l S - l S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9
P - l .44
e
.06 .15 .23 .12 - .2 1 .08 .05 - .1 6 .04
P-2 - .2 4 .24 .78 .70 .78 .11 .07 .10 .16 .48
P-3 .27 .14 .76 .78 .75 - .1 1 .19 .19 - .0 6 .38
P-4 - .3 0 - .0 1 - .5 0 - .4 7 - .5 6 .06 - .0 0 - .0 1 - .1 2 - .2 9
P-5 .05 .03 - .3 1 - .2 4 - .3 7 - .1 5 .02 - .0 2 • - .2 1 - .2 0
P-6 - .1 0 .45 - .0 2 - .11 - .0 9 .43 - .5 4 - .4 6 .49 -.12.
P-7 .51 .23 .11 .14 .03 .14 - .4 2 - .3 9 .28 - .0 8
P-8 - .2 5 .29 - .3 2 - .3 6 - .4 0 .32 - .3 6 - .3 0 .25 - .2 6
P-9 .30 .26 - .1 2 - .0 7 - .2 0 - .0 1 - .2 1 - .2 2 .03 - .1 6
P-10 .39 - .1 0 - .1 0  '' - .0 4 - .0 3 - .1 4 - .3 0 - .2 9 - .0 1 - .3 7
P - l l 1.00 - .1 0 .04 ■ .21 .11 - .3 5 - .1 8 - .2 0 - .22 - .3 8
S - l - .1 0 1.00 .21 .10 .14 .59 - .3 5 - .2 4 .58 .32
S-2 .04 .21 1.00 .91 .96 .08 .00 .05 .16 .50
S-3 .21 .10 .91 1.00 .89 - .2 0 - .1 3 - .1 2 - .0 7 .19
S-4 .11 .14 .96 .89 1.00 - .0 2 .05 .10 .04 .45
S-5 - .3 5 .59 .08 - .2 0 - .0 2 1 .00 .09 .19 .85 .60
S-6 - .1 8 - .3 5 .00 - .1 3 .05 .09 1 .00 .98 - .2 3 .41
S-7 - .2 0 - .2 4 .05 - .1 2 .10 .19 .98 1 .00 - .1 6 .46
S-8 - .2 2 .58 .16 - .0 7 .04 .85 - .2 3 - .1 6 1.00 .50
S-9 - .3 8 .32 .50 .19 - .4 5 .60 .41 .46 .50 1.00
S-10 - .2 8 .55 .37 .07 .27 .81 - .0 3 .04 .90 .78
S - l l - .2 4 .60 .15 - .0 9 .03 .89 - .1 8 - .1 1 1.00 .53
S-12 - .3 7 .17 .43 .12 .40 .54 .63 .67 .37 .97
S-13 - .3 1 .50 .37 .05 .29 .82 .14 .21 .85 .84
S-14 .31 .24 .57 .75 .54 - .2 4 - .6 8 - .6 8 .02 - .2 9
S-15 .31 .14 .65 .86 .63 - .3 2 - .5 3 - .5 4 - .1 1 - .2 3
S-16 .27 .14 .70 .85 .72 - .2 8 - .4 7 - .4 6 - .0 9 - .1 6
S-17 - .2 7 .64 - .1 4 - .27 - .2 6 .80 - .4 0 - .3 3 .83 .15
S-18 .07 - .3 5 - .4 1 - .3 6 - .3 2 - .2 5 .54 .57 - .4 8 - .3 1
S-19 .10 - .2 1 - .5 0 - .4 9 - .4 2 - .0 5 .41 .45 - .3 6 - .4 2
S-20 - .1 4 .56 .01 - .1 1 - .1 3 .66 - .4 9 - .4 5 .91 .18
S-21 - .0 3 .57 .14 .16 .04 .29 - .8 5 - .8 3 .56 - .0 2
S-22 - .0 8 .59 .09 .01 - .0 3 .54 - .6 4 - .6 0 .82 .14
S-23 - .1 7 .58 - .0 2 - .1 4 - .1 6 .70 - .4 8 - .4 3 .91 .17
S-24 - .0 0 .58 - .0 1 .04 - .1 0 .26 - .8 4 - .8 0 .50 - .1 6
S-25 - .0 7 .60 .02 - .0 5 - .0 9 .56 - .6 2 - .5 8 .82 .09
S-26 - .3 2 - .3 4 .30 .22 .32 - .1 2 .55 .53 - .2 8 .48
S-27 - .1 0 .07 - .1 3 - .1 4 - .1 0 .03 - .0 2 .04 - .0 2 - .0 7
S-28 - .3 1 - .3 2 .33 .25 .34 - .1 1 .52 .50 - .2 6 .48
S-29 - .1 6 - .6 9 - .0 8 - .0 7 - .0 5 - .25 .75 .63 - .3 6 .16
S-30 - .1 7 - .7 1 - .1 4 - .1 1 - .1 3 - .2 8 .61 .49 - .3 5 .03
S-31 - .3 9 .70 .22 - .0 4 .10 .89 - .1 1 - .0 4 .84 .65
S-32 .10 .36 .78 .77 .73 .02 - .2 5 - .1 9 .09 .21





ctors S-10 S - l l S-12 S-13 S-14 S-15 S-16 S-17 S-18 S-19
P - l - .1 3 - .1 7 .05 - .1 2 .07 .15 .06 - .2 2 .02 - .1 3
P-2 .37 .16 .43 .38 .39 .45 .54 - .0 9 - .3 5 - .4 5
P-3 . .12 - .0 7 .37 .15 .37 .50 .50 - .3 1 - .1 8 - .37
P 4 - .3 0 - .1 0 -.25 - .3 0 - .2 6 - .3 0 - .3 5 .15 .27 .36
P-5 - .3 2 - .2 1 -.17 - .3 2 - .1 7 - .1 5 - .2 5 - .0 7 .19 .13
P-6 .29 .49 - .2 4 .21 .27 .09 .11 .58 - .3 0 - .0 1
P-7 .12 .27 - .18 .05 .32 .25 .16 .28 - .2 5 - .1 6
P-8 .00 .26 -.31 - .0 5 .02 - .1 2 - .1 4 .47 - .0 3 .21
P-9 - .1 2 .02 - .2 0 - .1 6 .07 .04 - .0 7 .12 - .0 2 - .0 0
P-10 - .1 0 - .0 3 -.39' - .1 5 .23 .14 .19 - .0 3 - .0 1 .13
P - l l - . 2 8 - .2 4 - .3 7 - .3 1 .31 .31 .27 - .2 7 .07 .10
S - l .55 .60 .17 .50 .24 .14 .14 .64 - .3 5 - .2 1
S-2 .37 .15 .43 .37 .57 .65 .70 - .1 4 - .4 1 - .5 0
S-3 .07 - .0 9 .12 .05 .75 .86 .85 - .2 7 - .3 6 - .4 9
S-4 .27 .03 .40 .29 .54 .63 .72 - .2 6 - .3 2 - .4 2
S-5 .81 .89 .54 .82 - .2 4 - .3 2 - .2 8 .80 - .2 5 - .0 5
S-6 - .0 3 - .1 8 .63 .14 - .6 8 - .5 3 - .4 7 - .4 0 .54 .41
S-7 .04 - .1 1 .67 .21 - .6 8 - .5 4 - .4 6 - .3 3 .57 .45
S-8 .90 1 .00 .37 .85 .02 - .11 - .0 9 .83 - .4 8 - .3 6
S-9 .78 .53 .97 .84 - .2 9 - .2 3 - .1 6 .15 - .3 1 - .4 2
S-10 1.00 .90 .66 .98 - .0 5 - .1 3 - .0 8 .62 - .4 9 - .4 5
S - l l .90 1.00 .40 .86 - .0 2 - .1 5 - .1 2 .84 - .4 5 - .3 2
S-12 .66 .40 1.00 .76 - .4 4 - .3 5 - .2 7 .02 - .1 1 - .2 4
S-13 .98 .86 .76 1.00 - .1 7 - .2 2 - .1 6 .55 - .3 8 - .3 7
S-14 - .0 5 - .0 2 - .4 4 - .1 7 1.00 .97 .93 .06 - .5 0 - .4 4
S-15 - .1 3 - .1 5 -.35 - .2 2 .97 1.00 .96 - .0 9 - .4 4 - .4 5
S-16 - .0 8 - .1 2 - .27 - .1 6 .93 .96 1.00 - .1 3 - .4 1 - .4 0
S-17 .62 .84 .02 .55 .06 - .0 9 - .1 3 1.00 - .3 7 - .1 2
S-18 - .4 9 - .4 5 - .11 - .3 8 - .5 0 - .4 4 - .4 1 - .3 7 1.00 .84
S-19 - .4 5 - .3 2 - .24 - .3 7 - .4 4 - .4 5 - .4 0 - .1 2 .84 1.00
S-20 .71 .90 .02 .61 .21 .04 .01 .89 - .5 1 - .3 8
S-21 .43 .53 -.25 .28 .59 .45 .38 .68 - .7 3 - .6 0
S-22 .69 .79 - .0 6 .57 .37 .21 .16 .83 - .6 1 - .4 8
S-23 .70 .90 .02 .61 .18 .01 - .0 2 .93 - .4 9 - .3 3
S-24 .33 .47 -.37 .18 .53 .37 .30 .70 - .4 8 - .3 9
S-25 .67 .80 - .1 0 .55 .33 .16 .11 .86 - .5 3 - .3 7
S-26 .00 - .2 6 .56 .09 - .2 7 - .1 1 - .0 6 - .4 8 .13 - .1 7
S-27 - .0 6 - .0 1 - .0 6 - .0 6 - .1 2 - .1 2 - .0 9 - .0 4 .27 .23
S-28 .01 - .2 4 .55 .09 - .2 4 - .0 7 - .0 2 - .4 6 .12 - .1 9
S-29 - .2 1 - .3 5 .34 - .0 9 - .4 6 - .3 1 - .3 1 - .51 .31 .12
S-30 - .2 5 - .3 5 .20 - .1 6 - .3 8 - .2 6 - .2 7 - .4 6 .29 .13
S-31 .86 .86 .53 .84 - .0 5 - .1 4 - .1 2 .78 - .5 3 - .3 6
S-32 .22 .08 .12 .18 .66 .65 .70 - .0 5 - .3 4 - .3 5




ctors S-20 S-21 S-22 S-23 S-24 S-25 S-26 S-27 S-28 S-29
P - l - .1 4 - .0 6 - . 1 6 ' - . 1 6 - .0 6 - .1 9 .18 .11 .20 .05
P-2 .04 .12 .12 .01 - .0 0 .06 .21 - .3 0 .22 - .0 6
P-3 - .1 8 - .04 - .1 3 - .2 1 - .1 4 - .1 9 .33 - .1 3 .36 .06
P-4 - .0 8 - .1 0 - .1 8 - .0 3 . - .0 1 - .1 4 .02 .60 .02 .04
P-5 - .1 6 -.09 - .2 3 - .1 4 .04 - .2 3 .16 .57 .18 .06
P-6 .53 .49 .54 .55 .49 .56 - .5 7 .10 - .5 6 - .6 4
P-7 .33 .37 .31 .33 .36 .30 - .3 4 .28 - .2 9 - .4 7
P-8 .30 .26 .24 .34 .32 » .29 - .3 6 .44 - .3 5 - .4 0
P-9 .08 .14 .02 .09 .18 .03 - .0 8 .49 - .0 5 - .2 2
P-10 .07 .10 .15 ‘ .05 .12 .17 - .4 7 - .2 1 - .4 8 - .2 6
P - l l - .1 4 - .03 - .0 8 - .1 7 - .0 0 - .0 7 - .3 2 - .1 0 - .3 1 - .1 6
S - l .56 .57 .59 .58 .58 .60 - .3 4 .07 - .3 2 - .6 9
S-2 .01 .14 .09 - .0 2 - .0 1 .02 .30 - .1 3 .33 - .0 8
S-3 - .1 1 .16 .01 - .1 4 .04 - .0 5 .22 - .1 4 .25 - .0 7
S-4 - .1 3 .04 - .0 3 - .1 6 - .1 0 - .0 9 .32 - .1 0 .34 - .0 5
S-5 .66 .29 .54 .70 .26 .56 - .1 2 .03 - .1 1 - .2 5
S-6 - .4 9 -.85 - .6 4 - .4 8 - .8 4 - .6 2 .55 - .0 2 .52 .75
S-7 - .4 5 -.82 - .6 0 - .4 3 - .8 0 - .5 8 .53 .04 .50 .63
S-8 .91 .56 .82 .91 .50 .82 - .2 8 - .0 2 - .2 6 - .3 6
S-9 .18 - .02 .14 .17 - .1 6  . .09 .48 - .0 7 .48 .16
S-10 .71 .43 .69 .70 .33 .67 .00 - .0 6 .01 - .2 1
S - l l .89 .53 .79 .90 .47 - .8 0 - .2 6 - .0 1 - .2 4 - .3 5
S-12 .02 -.25 - .0 6 .02 - .3 7 - .1 0 .56 - .0 6 .55 .34
S-13 .61 .28 .57 .61 .18 .55 .09 - .0 6 .09 - .0 9
S-14 .21 .59 .37 .18 .53 .33 - .2 7 - .1 2 - .2 4 - .4 6
S-15 .04 .45 .21 .01 .37 .16 - .1 1 - .1 2 - .0 7 - .3 1
S-16 .01 .38 .16 - .0 2 .30 .11 - .0 6 - .0 9 - .0 2 - .31
S-17 .89 .68 .83 .93 .70 .86 - .4 8 - .0 4 - .4 6 - .5 1
S-18 - .5 1 -.73 - .6 1 - .4 9 - .4 8 - .5 3 .13 .27 .12 .31
S-19 - .3 8 - .6 0 - .4 8  • - .3 3 - .3 9 - .3 7 - .1 7 .23 - .1 9 .12
S-20 1.00 .75 .94 1 .00 .73 .95 - .4 9 - .1 1 - .4 7 - .4 6
S-21 .75 1.00 .88 .75 .95 .85 - .4 1 - .1 3 - .3 9 - .6 9
S-22 .94 .88 1.00 .94 .85 .99 - .4 9 - .1 5 - .4 7 - .5 6
S-23 1.00 .75 .94 1 .00 .73 .95 - .5 0 - .0 9 - .4 8 - .4 8
S-24 .73 .95 .85 .73 1.00 .85 - .4 7 - .0 5 - .4 5 - .7 4
S 25 .95 .85 .99 .95 .85 1.00 - .5 4 - .1 2 - .5 3 - .5 7
S-26 - .4 9 -.41 - .49 - .5 0 - .4 7 - .5 4 1.00 .21 .99 .56
S-27 - .1 1 - .13 - .1 5 - .0 9 - .0 5 - .1 2 .21 1.00 .22 - .0 5
S-28 - .4 7 -.39 - .47 - .4 8 - .4 5 - .5 3 .99 .22 1.00 .52
S-29 - .4 6 - .69 - .5 6 - .4 8 - .7 4 - .5 7 .56 - .0 5 .52 1.00
S-30 -.41 - .6 0 - .4 9 - .4 2 - .6 4 - .5 0 .49 .03 .45 .97
S-31 .70 .53 .68 .73 .44 . .67 - .1 6 - .1 8 - .1 6 - .3 7
S-32 .04 .28 .19 .02 .21 .15 - .0 4 - .1 9 - .0 2 - .3 8
S-33 - .3 4 - .63 - .4 5 - .3 4 - .7 2 - .4 8 .66 - .0 5 .65 .64
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Table 41 (Continued)
S o il-P lan e
Factors S-30 S-31 S-32 S-33
P - l - .0 0 - .2 0 - .0 6 .10
P-2 - .1 6 .31 .76 .32
P-3 - .0 6 - .0 0 .52 .37
P-4 .15 - .13 - .4 4 - .1 8
P-5 .12 - .2 5 - .42 - .0 9
P-6 - .55 .45 .30 - .4 9
P-7 - .43 .11 .06 - .3 4
P-8 -.27 .21 - .0 7 - .4 4
P-9 - .17 - .0 8 - .2 2 - .2 3
P-10 - .2 2 - .11 .23 ‘ - .3 8
P - l l - .17 - .39 .10 - .2 7
S - l - .7 1 .70 .36 - .1 8
S-2 - .1 4 .22 .78 .30
S-3 - .11 - .0 4 .77 .08
S-4 - .13 .10 .73 .32
S-5 - .28 .89 .02 .22
S-6 .61 - .11 - .2 5 .88
S-7 .49 - .0 4 - .1 9 .88
S-8 - .35 .84 .09 . .00
S-9 .03 .65 .21 .76
S-10 - .25 .86 .22 .29
S - l l - .35 .86 .08 .04
S-12 .20 .53 .12 .89
S-13 - .1 6 .84 .18 .44
S-14 - .38 - .0 5 .66 - .5 7
S-15 - .2 6 - .1 4 .65 - .4 2
S-16 - .2 7 - .12 .70 - .3 4
S-17 - .4 6 .78 - .0 5 - .3 4
S-18 .29 - .53 - .3 4 .20
S-19 .13 - .3 6 - .3 5 - .0 0
S-20 -.41 .70 .04 - .3 4
S-21 - .6 0 .53 .28 - .6 3
S-22 - .4 9 .68 .19 - .4 5
S-23 - .42 .73 .02 - .3 4
S-24 - .64 .44 .21 - .7 2
S-25 - .5 0 .67 .15 - .4 8
S-26 .49 - .1 6 - .0 4 .66
S-27 .03 - .18 - .1 9 - .0 5
S-28 .45 - .1 6 - .0 2 .65
S-29 .97 - .37 - .3 8 .64
S-30 1.00 - .41 - .4 1 .49
S-31 -.41 1.00 .24 .13
S-32 - .41 .24 1.00 - .0 6
S-33 .49 .13 - .0 6 1.00
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